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Although p a rtic ip a tio n  of bacteriophages has been  indicated  
in  the  pathogenesis of s e v e ra l b a c te r ia l d is e a s e s , the  m echan ism s by 
w hich th is  influence is  in itia ted  in the lysogenic com plex has been 
la rg e ly  unexam ined. Toxinogenic C orynebacterium  d ip h th e ria e a t ­
tra c te d  ex tensive study following the  d isco v ery  of prophage beta  con­
tro l  on the  p roduction  of exotoxin in  1951 (1), and is  now considered  
the  c la s s ic  m odel of lysogeny involvem ent in  hum an d isease .
The only o ther thoroughly  investigated  exam ple of phage conversion  
concerns the  change of antigenic d e te rm in an ts  of Salm onella Group E 
following lysogeny by c e r ta in  u n re la ted  te m p e ra te  phages. M ost of 
the  rem ain ing  exam ples w ere  d escrib ed  only recen tly , w ith no few er 
than  24 re p o r ts  of phage conversion  in  the p rev ious 15 y e a rs .
The d iscovery  th a t s c a r la tin a l s tra in s  of group A s tre p to ­
cocci w ere  a lso  phage p ro d u ce rs  appeared  in  1964 but the  o rig ina l 
obse rva tions on the t r a n s fe r  of toxinogenicity  by a f ilte ra b le
1
s tre p to c o cc a l agent w as rep o rte d  47 y e a rs  ago (2), and s ti ll  aw aits  
w idesp read  sc ien tific  effo rts to  elucidate  the  m echan ism  by which 
phage a ffec ts  the  production of ery th rogen ic  toxin. T echnical d iffi­
cu lties in  w orking w ith s trep to co cca l phages have p roven  a d e te ren t to 
in v es tig a to rs  o therw ise  in te re s te d  in  the pathogenesis of the m any 
s trep to co cca l d ise a se  s ta te s  which m ay be a ttrib u tab le  to  the lysogenic 
com plex. R ecen t advances in s trep to co cca l phagg technology, how­
ev er, fa c ilita te  the study of th is  phage-host in te rac tio n  as a po ten tial 
sy s tem  fo r understand ing  the  genetics and m etabo lism  of the 
s trep to co cc i.
The b io log ical p ro p e rtie s  of th re e  tem p era te  strep to co cca l 
bacteriophages and the effects of lysogeny on th e ir  group A s tre p to ­
coccal h o sts  a re  exam ined in  th is  study. The p rinc ip le  objective is  
to de tec t p o ss ib le  phage conversion  sy stem s affecting antigenic d e te r ­
m inants o r e x tra c e llu la r  p ro d u cts , and to fu r th e r  investigate  the ro le  
of tem p era te  phage in  the  production  of ery th rogen ic  toxin. Since 
the v iru lence  is  due in p a r t  to  the antigenic s tru c tu re  and num erous 
e x tra c e llu la r  p roducts of the s trep to co cc i, an understanding  of the 
e ffects of bacteriophage on the  na tu re  of th ese  constituen ts w ill p e r ­
haps expand our app recia tion  of bacteriophages as "v iru lence  fac to rs"  
in  s trep to co cca l d ise a se s .
CHAPTER n  
REVIEW OF THE LITERATURE
P e rh ap s  the  e a r l ie s t  indication of bacteriophage influence 
on the p roduction  of b a c te r ia l d isease  was in 1893 when San felice  
rep o rted  th a t nontoxic tetanus bacilli becam e toxinogenic when grown 
in c e ll- f re e  cu ltu re  m edia  containing w astes  of toxigenic tetnun (3). 
Although the re p o r t  p red a ted  the d iscovery  of bacteriophage, it  was 
perhaps the f i r s t  exam ple of b a c te ria  acquiring  d ifferen t p ro p e rtie s  
following in te rac tio n  w ith w hat w as subsequently  shown to be phage. 
P o ssib le  m echan ism s fo r phage m ediated  conversions include s e le c ­
tion  of a m utant genotype in a population of ce lls  suscep tib le  to v iru len t 
bacteriophage (4), and tran sduction  of b a c te r ia l genes via b a c te r io ­
phage capsids o r v irions fro m  a p rev iously  ly sed  h o st into a rec ip ien t 
c e ll (5). E sp ec ia lly  in te re s tin g , how ever, is  a  p ro c e ss  by which a 
high frequency  of b a c te ria  infected  by a specific  b a c te r ia l v iru s , 
u sua lly  tem p era te  o r sem item p era te , acqu ire  c h a ra c te r is tic s  not 
obviously p e rtin en t to lysogeny o r the productive phage cycle. This 
phenom enon is  te rm e d  "phage conversion . "
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O rig inally  designated "lysogenic conversion" by L ederberg , 
th is  phenom enon w as defined as a "perm anent change in  one o r m ore  
p ro p e rtie s  of a ce ll brought about by lysogenization  w ith a tem p era te  
v iru s"  (6). The definition was la te r  m odified to  lim it the event to 
changes u n re la ted  to n o rm al phage functions involving lysogeny o r 
ly s is , but s t i l l  exclusively  to  lysogenic c e lls  (7). Both defin itions, 
how ever, fa iled  to  account fo r "pseudolysogenic conversion".
The d istinc tion  betw een pseudolysogeny and lysogeny was 
recognized  in  1925 by M cKinley (8). T h ree  unique c h a ra c te r is tic s  
have since been  d esc rib ed  fo r the pseudolysogenic re la tionsh ip : 1) 
the  phage deoxyribonucleic acid (DNA) fa ils  to in teg ra te  into the 
b a c te r ia l chrom osom e (9); 2) only a portion  of the c e lls  in  any cu ltu re  
contain phage DNA (9): and 3) the phages cannot be induced (9). This 
phage-host re la tio n sh ip  is  found in se v e ra l poss ib le  fo rm s. The f i r s t  
is  com m only known as the  c a r r ie r  s ta te  (10), re su ltin g  from  a la ten t 
period  of phage infection th a t spans se v e ra l genera tions in  the host 
(11, 12, 13). Phages th a t e s tab lish  the c a r r i e r  s ta te  in th e ir  hosts 
a re  labeled  se m i-tem p e ra te  to d e sc rib e  the  hypothetical m echan ism  
by which p a r t ia l  im m unity  in  the infected  c e ll r e ta rd s  vegetative phage 
rep lica tion . A second fo rm  of pseudolysogeny is  a sso c ia ted  w ith a 
tem p o ra ry  inab ility  to  adso rb  c e rta in  v iru len t b a c te r ia l  v iru se s . An 
exam ple of th is  type of re la tionsh ip  is  found when Shigella d y sen te riae  
is  infected w ith v iru len t phage T7 (13). D uring ly s is , an  enzym e is
re le a se d  that rem oves phage re c e p to rs  fro m  m any of the uninfected 
c e lls , rendering  them  re s is ta n t  to phage infection. The re s u lt  is  an 
equ ilib rium  betw een phage and b a c te r ia , resem b ling  a "phage p ro d u c­
ing", o r  lysogenic cu ltu re . The non-ly tic  sec re tio n  of the filam entous 
phages fd and f r  by E sch erich iae  coli accounts fo r a  th ird  fo rm  of 
pseudolysogeny (14).
The incidence of pseudolysogeny is  not uncom m on in n a tu re .
T w ort and de H er e lle 's  o rig in a l phages p roved  to be pseudolysogenic. 
F u r th e rm o re , conversion  of b a c te r ia l  p ro p e r tie s  following p seudo­
lysogeny is  s im ila r  to th a t of lysogenic conversion . T his w as re c o g ­
nized in  1959 by B ark sd a le , who p roposed  the te rm  "phage conversion" 
to include both lysogenic and pseudolysogenic changes, as w ell as  
those  a lte ra tio n s  which occu r following infection w ith v iru len t m utan ts 
of lysogenic converting phages (7).
The f i r s t  c le a r  ind ication  th a t phage played a  ro le  in 
determ in ing  phenotype of b a c te ria  w as published  in  1951. The d is ­
covery  th a t only s tra in s  of C o rynebac terium  d iph theri ae lysogenic fo r, 
o r in fected  w ith  bacteriophages c a rry in g  the  tox^ gene w ere  capable 
of toxin b iosynthesis led  to the pro to type  sy stem  fo r the study of 
v ira l  induced b a c te r ia l toxins (1, 15, 16, 17). Although th ese  
lysogens acqu ired  the h e rd ita ry  ab ility  to p roduce d iph theria  exotoxin, 
the im plica tion  th a t the  tox  gene i ts e lf  w as in troduced  w ith the in fec t­
ing te m p e ra te  v iru s  (phage beta) w as not unchallenged. O ther
p o ss ib ilitie s  included the d e re p re ss io n  of a  gene on the  b a c te r ia l 
genome by phage infection; the  sp litting  of a b a c te r ia l  gene coding 
fo r a nontoxic m olecu le  by in teg ra tio n  of prophage be ta , resu ltin g  in 
a sm a lle r  toxic m olecu le; o r the in te rac tio n  of p re c u rso r  p roducts 
of the b a c te r ia l  and phage genes, form ing th e  active  toxin. S evera l 
ingenuous approaches th a t prov ided  evidence supporting the ex istence 
of the  tox  gene on the  phage genom e s t i l l  fa iled  to unequivocally prove 
th is  theo ry  of genetic  con tro l (18, 19» 20, 21). Conclusive proof was 
provided  by M urphy and cow orkers who dem onstra ted  tha t the  genome 
of phage beta  se rv ed  as a tem pla te  fo r the b iosyn thesis of active 
toxin  in  an in  v itro  p ro te in  syn thesis sy s tem , using  e x tra c ts  of 
E sc h e rich ia  co li (22).
Much of the knowledge concerning phage conversion  is  
derived  fro m  ex tensive  sc ien tific  investigation  of the  C orynebac te rium  
prophage re la tio n sh ip . C h a ra c te r is tic s  of th is  system  include the  
following;
1) v ira l  DNA syn thesis  is  accom panied by in tra c e llu la r  
appearance  of toxin (23);
2) e x tra c e llu la r  toxin is re le a se d  befo re  ly s is  (23);
3) toxin syn thesis  stops befo re  ly s is  (23);
4) conditions p reven ting  v ira l  m atu ra tio n  in c re a se  toxin 
y ield  (24).
5) u ltra v io le t induction of prophage beta  enhances toxin 
production (24);
6) toxin  is  produced only when the iro n  in  the m edium  is  
reduced  to a c r it ic a lly  low leve l (25);
7) iro n  deficiency re ta rd s  v ira l  m atu ra tion , thus extend­
ing the laten t p e rio d  of phage infection (23);
8) only one antigenic type of tox in  is  produced by se v e ra l 
sp ec ies  of C orynebac terium  lysogenic for prophage 
b e ta  (23);
9) toxin  is  synthesized  during  the  ly tic  cycle of a v iru len t 
m utan t of prophage beta  (20);
10) toxin is  produced w hether phage is  in teg ra ted  o r free  
in  the  cy top lasm , re g a rd le s s  of the  s ta te  of the cy to ­
p lasm ic  r e p re s s o r  of phage rep lica tion  (26);
11) rep lica tio n  of phage DNA is  not n e ce ssa ry  fo r toxin  
production (27);
12) k in e tics  of toxin  production  of a  tem p era tu re  sensitive  
m utan t of phage beta  a t r e s tr ic t iv e  tem p era tu re  ind icates 
tha t only p a re n ta l phage DNA functions in  toxin p ro d u c­
tion  (27);
13) no su p ress io n  of toxin  syn th esis  occu rs when iro n  is  
added to  the E . co li in  v itro  toxin  synthesis system  
(22); and
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14) a specific inh ib ito r of the exp ression  of the tox gene is  
p re se n t in  both lysogenic and nonlysogenic s tra in s  of 
C. d iph theriae  (22).
A second in tensively  studied phage conversion  system  was 
d isco v ered  in  1953, and involved the som atic antigens of Salm onella 
anatum  and S. typhim urium  (28, 29). At le a s t nine tem p era te  phages 
w e re  capable of converting Salm onella O antigens to new sp ec ific itie s . 
The tra n s itio n  w as detected  sero log ica lly  w ithin five m inutes following 
phage infection  and p e rs is te d  a s  long as the ce lls  contained the p ro ­
phage (30). Once lysogeny w as estab lished , the lysogens w ere  no 
longer ab le  to absorb  hom ologous phages, since the lipopolysaccharide 
(LPS) O antigen w as the specific  phage re c e p to r . T hese  new antigens 
have been  subjected  to thorough chem ical an a ly sis , revealing  various 
changes in  the  te rm in a l t r i  sac ch ar ides of the LPS m olecu les.
15The conversion  of S. anatum  E , s tra in  to by phage epsilon  15 (E )
' "  ■ 1 Ct
involved the lo ss  of an acety l group from  ga lactose  of the O antigen,
and concom itant conversion  of the  o^-galac tose  linkage to a^ -lin k -
15age. A second conversion  sy stem , working in  co n ce rt w ith the  E
exam ple, w as d iscovered  by Uchida who noticed S. anatum  Eĵ
34could be in fected  by phage E  only when f i r s t  converted  to S. anatum
15 34Eg by phage E (32). Phage E w as capable of fu r th e r  conver-
15sion  of Eg c e lls  to E^^ ce lls . The O antigen re su ltin g  fro m  E 
infection  w as shown to be the su b s tra te  fo r chem ical m odification to
the antigen c h a ra c te r is tic  of group Salm onella, a double lysogen
which cannot ad so rb  e ith e r phage (30). T his step involved the  gluco-
sy lation  of the tr is a c c h a r id e  m oiety  (33), requ iring  prev ious in fec- 
15tion  by phage E (34).
An accum ulation  of inform ation has p a rtia lly  e lucidated  the
genetic m echan ism s responsib le  fo r these  antigenic conversions. The
ab ility  of the c e lls  cu red  of prophage to r e v e r t  to th e ir  p re in fec tion
antigenic sp ec ific itie s  ind icates that the o rig ina l b a c te r ia l gene(s)
governing antigenic sp ec ific itie s  w ere  not rep laced  by p h ag e-asso c ia ted
genetic e lem en ts (35). N either in teg ra tion  of phage into the b a c te r ia l
chrom osom e, phage induction, o r phage rep lica tio n  w ere  n e ce ssa ry
15p re re q u is ite s  to  conversion  by phage E , since v iru len t phage m utan ts 
and lysogen m utan ts incapable of producing infective phages s ti ll  p ro -
15
duced antigen 15 and fa iled  to adsorb  phage E  (29, 36, 37).
15Follow ing phage infection w ith E , th ree  genetic functions 
appear to affect the resu ltin g  conversion;
1) the  tra n sa c e ty la se  resp o n sib le  fo r  the attachm ent of the 
ace ty l group to  tiie ga lac tose  of the o rig in a l O antigen 
is  inhibited  by a cytoplasm ic com ponent which can be 
iso la ted  fro m  the lysogens (38);
2) the fo rm ation  of linkages is  somehow inhibited  (38);
3) n e w .^ " lin k a g e s  a re  genera ted  (38).
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The th re e  functions have been found to be independent of one ano ther, 
since they  can  be sep a ra ted  by m uta tions w hich affect only one of the 
genetic functions (39). This evidence a lso  suggests tha t the s tru c tu ra l 
genes fo r th ese  functions re s id e  on the phage genom e.
As m o re  phage conversion  sy s tem s a re  rep o rte d , the  
po ten tia l m ed ica l significance of th is  phenom enon becom es in c reas in g ly  
apparen t. T his is  w ell dem onstra ted  by the genus S taphylococcus, 
which h as p rov ided  in v es tig a to rs  w ith the g re a te s t  num ber of phage 
conversion  illu s tra tio n s . The e a r l ie s t  re p o r t  of p o ss ib le  antigen con­
v e rs io n  w as m ade in  1936 when a staphy lococcal s t ra in  w as d esc rib ed  
that lo s t the  ab ility  to ad so rb  the phage fo r w hich it  w as lysogenic , 
and w as in te rp re te d  as rep re sen tin g  a change in the su rface  s tru c tu re s  
of th is  o rg an ism  (40). M ore recen tly , evidence was p resen ted  tha t 
group A phages caused  an in c re a sed  p roduction  of Pan ton-V ale tine  
leucocid in  by Staphylococcus au reus (41). The leve l of th is  cytotoxic 
p roduct w as again  reduced  by curing  the c e lls  of the phage, the grow th 
ra te  rem ain ing  unaffected . S im ila rly , i t  h as  been e stab lish ed  tha t 
coagu lase producing  s tra in s  of staph lococci a re  lysogenic , and a 
re la tio n sh ip  e x is ts  betw een the p re se n c e  of prophage and production  
of p en ic illin ase  (42) and alpha toxin (42, 43). In another study, 
lysogenization  of a ll 31 nontoxihogenic s tra in s  of staphylococci re su lte d  
in  the acqu ired  capacity  fo r  production  of en tero tox in  A, the  tox ic  
agent in  staphylococcal food poisoning (44). G am m a hem olysin  of
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staphylococci has a lso  been rep o rte d  to be induced by lysogenic 
conversion  (45).
P hage conversion  does not n e c e ssa r ily  im ply the appearance  
of new c h a ra c te r is t ic s , as illu s tra te d  by the lysogenic conversion  of 
staphylococci to the  lo ss  of be ta  hem olysin  by se ro lo g ica l group F 
phages (46). This lo s s , how ever, w as alw ays accom panied by the 
concom itant acqu isition  of the ab ility  to syn thesize  staphylokinase 
when w ild type phages w ere  involved, and both genetic lo c i w ere  
active  in  the  prophage s ta te . A nother phage conversion  sy s tem  h as 
been rep o rte d  tha t re s u lts  in  the  lo ss  of beta  hem olysis by staphylo­
cocci, w ith no apparen t e ffect on staphylokinase (47). R ecently ,
D uval-Iflah  dem o n stra ted  th a t th re e  1,54 bacteriophages can supp ress 
lip a se  p roduction  in  Staphylococcus pyogenes group III s tra in s  by 
lysogenic conversion  (48).
T h ree  re p o r ts  have d e sc rib e d  phages capable of a lte rin g  
p roduction  of a  " tw een -sp littin g "  enzym e in staphylococcal cu ltu res  
se lec ted  fo r  v iru lence  fro m  h o sp ita l m a te r ia l  (49, 50, 51). A nother 
possib le  fo rm  of phage conversion  w as d em onstra ted  by eight in v e s ti­
g a to rs , who independently  showed th a t lysogeny of straphy lococcal s tra in s  
re su lte d  in  in c re a se d  su scep tib ility  to phage infection (48). F inally , 
th e re  ap p ea rs  to be a  c o rre la tio n  betw een phage 71 and the production  
of type 71 b ac te rio c in , w hich h as been found only in  phage ly sa te s  of 
staphylococci (52).
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In addition to the p rev ious exam ples, a t le a s t nine additional 
genera  of b a c te ria  a re  possib ly  affected by phage conversion. C lo s tr i­
dium  botulinum  type D, has been shown conclusively  to re q u ire  phage 
D E ^ infection p r io r  to  the appearance of the corresponding toxin 
(54). L ytic  re le a s e  of the toxin w as ru led  out as  an explanation for 
th is  dependence, since c e ll  b reakage of p h ag e-free  cu ltu res failed  to 
in c re a se  toxin  lev e ls . Toxic cu ltu res  cu red  of phage by acrid ine  
orange becam e nontoxic, but rega ined  th is  p ro p e rty  on rein fection  
w ith phage D E ^  . In itia l ind ications a re  tha t phage e x e rts  a 
s im ila r  influence on the p roduction  of toxin by type C C lostrid ium  
botulinum  (53, 55).
A ntigenic conversion  of lysogenic s tra in s  of Pseudom onas 
aerug inosa  (56) and Rhizobium  tr ifo li i  (57) ap p ea rs  to p a ra lle l the 
situation  of the  Salm onella O an tigens. The fo rm e r  w as in itia lly  
de tected  by d iffe rences in  opsonizing capacity  of m ouse se ru m  for 
lysogenic and p h ag e-free  s tra in s  of P seudom onas. Serological 
analysis of both P . aerug inosa  and R. tr ifo li i  re v e a l at le a s t one 
antigenic d ifference  a ttrib u tab le  to  lysogeny. Such a lte ra tio n s of 
ce ll su rface  p ro p e r tie s  m ay a lso  be resp o n sib le  fo r the phage in ­
duced change in colony m orphology of B acillus m egaterium  from  
sm ooth to rough, due to a v a ria tio n  in which chains of bac illi p ile  
up to fo rm  the  colony (58). B acillus sub tilis  m ay be influenced by 
phage conversion  to the extent that pseudolysogens no longer p o sse s s
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the capacity  fo r tran sfo rm a tio n  (59). Colonies of B rucella  abortus 
change from  bluish  g ray  in the p h ag e-free  s ta te , to white following 
the  estab lishm en t of the phage c a r r ie r  s ta te  (60). Some biological 
p ro p e rtie s  of M ycobacterium  have been found to be a lte re d  by phage 
conversion  (61).
Two fu rth e r  exam ples have been provided by circum venting 
genetic b a r r ie r s .  Coliphage P IC M , w hich c a r r ie s  a m a rk e r  fo r 
re s is ta n c e  to  chloram phenicol, can successfu lly  lysogenize P a s tu re lla  
p e s tis  o r P . pseudo tu b e rcu lo s is , conferring  antibiotic re s is ta n c e  to 
v irtu a lly  a ll the  re su lta n t lysogens. Although no viable phage could 
be induced fro m  the converted  s tra in s , superinfection  im m unity  p ro ­
vided an index of phage p resen c e  in the c e lls  (60). C erta in  s tra in s  of 
Shigella d y sen teriae  a re  recep tiv e  to coliphage T7, which estab lish es 
a pseudolysogenic re la tio n sh ip  in  th is  host. The norm ally  la c to s e - 
negative Shigella a re  converted  to lac to se  positive  as long as the  ce ll 
h a rb o rs  the phage, and p e r s is ts  even when the  T7 stock has been 
grown fo r se v e ra l generations on the Shigella s tra in  itse lf , i. e . , in 
the absence of a b a c te r ia l m a rk e r  (62).
Coliphages a re  a lso  m ed ia to rs  of phage conversion  in  th e ir  
native host spec ies. Lysogenic conversion  by phage P2 re s u lts  in  an 
in c re a sed  sensitiv ity  of E . co li to 5-fluorodeoxyuridine (63). C ell 
div ision  in E . coli has also  been shown to be influenced by phage, in 
tha t rep lica tio n  of the b a c te r ia l  chrom osom e is  under the  con tro l of
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phage P2 (64). Lysogens of prophage lam bda a re  capable of blocking 
superin fection  o r m ultip lication  of phage T 4rII, w hereas nonlysogens 
a re  sensitive  to T 4rII infection (65). If th is  can be shown to be u n re la ted  
to phage P2 rep lica tion  o r  m ain tenance of lysogeny, then  it is  a tru e  
phage conversion  event (the gene is  separab le  from  the Cl r e p re s s o r  
reg ion  by c is - tra n s  analysis) (65). P e rh ap s v ira l in te rfe ren ce , o r 
superin fection  exclusion, m ay be considered  a fo rm  of phage conver­
sion common to n early  every  phage sensitive  species of b ac te ria .
Inhibition of tran sfo rm a tio n  to strep tom ycin  and rifam pic in  
re s is ta n c e  in  group H strep to co cc i by lysogeny is  s im ila r  to the system  
in  B acillus su b tilis , and m ay prove to be another exam ple of tru e  phage 
conversion  (66). Another p o ten tia l phage conversion  sy stem  of the 
genus S trep tococcus concerns S trep tococcus m u tan s, one study e s ta b ­
lish ing  a  100 p e rcen t c o rre la tio n  betw een cariogen ic ity  and phage p ro ­
duction following induction w ith u ltra v io le t light, m itom ycin C, o r 
N -m ethy l-N ' -n itro -N -n itro soguan id ine  (NG) (67). In addition, a ll  
phages iso la ted  in  the investigation  w ere  m orpholog ically  s im ila r . 
How ever, a ttem pts to rep e a t th ese  experim en ts have fa iled  in  sev e ra l 
la b o ra to rie s  (J, J. F e r r e t t i ,  p e rso n a l com m unication).
V arious strep to co cca l bacteriophages have a lso  been found 
to  affect changes in  group A s trep to co cca l c h a ra c te r is tic s . One such 
exam ple is  the form ation  of phage -hyaluronidase  following infection by 
any one of se v e ra l tem p era te  phages capable of penetra ting  the
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b a c te r ia l hyaluronic acid  capsu le . This hyalu ron idase  is  im m unologi­
cally  d is tin c t from  the b a c te r ia l  enzym e p roduced  by p h ag e-free  
s tra in s , and ap p ears  to be a p roduct of phage m ultip lication , in a 
m anner s im ila r  to the syn thesis  of phage--associated m u ra ly sin  by 
lysogenic group C s trep to co cc i following induction (68). A second 
exam ple of phage influence on s trep to co cca l e x tra c e llu la r  p roducts is  
the  rep o rte d  re la tio n sh ip  betw een infection w ith tem p era te  phage and 
the  o ccu rren ce  of f ib rin o ly sin  in the m edium  (69).
C e llu la r s tru c tu re s  of the s trep to co cc i have a lso  been 
found in  an a lte re d  s ta te  following v ira l  in fection . V iru len t phage 
influence led  to the  developm ent of group A s trep to co cca l populations 
having two of the c h a ra c te r is t ic s  of the  m o st v iru len t s tra in s , i. e . , 
p o sse ss io n  of M antigen and ab ility  to p roduce hyaluronic  acid  
capsu les (71). Since v iru len t group A phages lack  the  capacity  fo r 
capsu le  p en e tra tio n , th is  effect would seem  p a r tia lly  the  r t . .  A t of 
se lec tion  by the  phage fo r the r e s is ta n t  encapsu lated  c e lls . A high 
ra te  of change to m ucoid " su rv iv o rs"  (c h a ra c te r is tic  of M antigen 
p re sen c e  and encapsulation) suggests fa c to rs  o ther than s tra ig h t 
m utation  and se lec tion , p e rh ap s  an induction phenom enon due to a 
phage-host in te ra tion  (70).
A nother ce llu la r  s tru c tu re , nam ely, the group specific  
carbohyd rate , m ay be m odified  by phage influence. Z ab risk ie  
rep o rte d  a nonlysogenic group A s tra in  (TZSj) w as changed fro m  phage
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A25 sensitive  to A25 re s is ta n t  (c h a ra c te r is tic  of group A -varien t 
m utan ts) following infection by a tem p era te  phage iso la ted  fro m  an 
A -varian t s tra in  (B940) (72). Although Z ab risk ie  could not rep e a t th is  
observation , F is c h e tt i 's  re p o rt of an 83 p e rc e n t lysogeny ra te  among 
A -variant s tra in s  supports Z a b risk ie 's  findings (72).
In  1927 F ro b ish e r  and Brown rep o rte d  that a  f ilte ra b le  
agent iso la ted  fro m  sc a r la tin a l s tra in s  of hem olytic  s trep tococc i 
could induce the fo rm ation  of e ry th rogen ic  toxin in  n o n scarla tin a l 
s tra in s  (2). Two decades la te r ,  th ese  observa tions w ere  confirm ed 
by Bingel (73). F ina lly , in 1964, Z ab risk ie  rep o rte d  h is  findings on 
the ro le  of phage in  the  production  of e ry th rogen ic  toxin (74, 75). His 
da ta  ind icated  a s im ila r  phage-host re la tio n sh ip  as tha t fo r the 
C .d iph theria  stud ies . Using skin te s ts  on shaved rab b it backs and 
subsequent e ry them atous re sp o n se s  a s  an index of toxin production , 
he  dem o n stra ted  p o ss ib le  phage-d irec ted  toxin  sy n thesis . A "cu red" 
s tra in  of s c a r la tin a l s trep to co cc i w hich he found incapable of both 
phage and toxin  production  w as re s to re d  to toxinogenicity  on re in fe c ­
tion  w ith the  o rig in a l phage. A m ark ed  enhancem ent in  f re e  phage 
and a 20 fold in c re a se  in  e ry th rogen ic  toxin  concentra tion  w ere  
de tec ted  following irra d ia tio n  with u ltrav io le t light.
L ytic  re le a s e  of p re fo rm ed  in tra c e llu la r  toxin fa ils  to 
exp lain  the  m echan ism  of conversion  since  the peak  toxin ac tiv ity  w as 
de tec ted  6 to  7 hou rs a fte r  the appearance  of ijiaxim um  phage t i t e r .
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In addition, ly tic  infection of n o n -sc a rla tin a l s tra in s  w ith v iru len t 
bacteriophage, and ce llu la r  d isrup tion  stud ies rev ea led  no change 
in  the  amount of toxin re le a se d  following th ese  p ro ce d u re s . The 
po ss ib ility  th a t u ltra v io le t ir ra d ia tio n  m ight e levate  the  level of a ll 
e x tra ce llu la r  p roducts in  g en era l w as e lim inated  by m easu rem en t of 
s trep to co cca l deoxyribonuclease (DNase) leve ls  re le a se d  fro m  both 
lysogenic and p h ag e-free  s tra in s  following exposure . The cu ltu re  su p e r­
natan t flu id  of the phage fre e  s tr a in  w as rep o rted  to produce tw ice 
the DNase of the lysogen. Z ab risk ie  specu la tes th a t th is d ecrease  of 
DNase production  following lysogeny m ay re f le c t the  red irec tio n  of 
ce llu la r  p ro c e s s e s  tow ard  the p roduction  of toxin  a t the  expense of 
o ther e x tra c e llu la r  p roducts  (72).
The n a tu re  and p ro p e r tie s  of e ry th rogen ic  toxin has 
a ttra c te d  co n sid erab le  study. The toxin has th re e  im m unological 
fo rm s , types A, B, and C (77); type A being the  b e s t understood.
T his toxin is  a  h ea t lab ile  g lycopro tein  w ith a  m o lecu la r weight of 
29, 000 daltons and containing about 20 p e rc en t hyaluron ic  acid. One 
of the m ajo r d ifficu lties in toxin re la te d  stud ies is  developm ent of 
a convenient a ssa y  technique. W hereas the p u rifica tio n  of d iphtheria  
tox in  w as aided g rea tly  by in  v itro  toxin - antitoxin  flocculation te s ts , 
one of the only dependable a ssa y s  fo r e ry th rogen ic  toxin is  s ti ll  the 
sk in  te s t  dev ised  by i ts  d isc o v e re rs , the D icks, in  1924 (78). A 
p ro b lem  in the  re lia b ility  of sk in  tes tin g  a r is e s  f ro m  evidence
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indicating tha t the  skin reaction  is  a hypersensitive  response  ra th e r  
than an exp ression  of in tr in s ic  toxicity  (76). Kim and W atson 's data 
indicate  th a t a positive  skin reac tio n  is  dependent on a combination 
of p r im a ry  (in trin sic) tox ic ity  plus a delayed h y p ersen sitiv e  response  
from  an im m unologic a lly  app rop ria te  host (76). Thus, skin te s t  r e ­
su lts pe rhaps depend as m uch on ho st fac to rs  as on the p resen ce  of 
toxin its e lf . T his ra th e r  crude technique has been supplem ented 
w ith o ther in  vivo a ssa y s , such as W atson and K im 's pyrogenic a ssay  
(76). None of these  m ethods provide a convenient and indisputable 
technique for toxin detection.
The b io logical and c lin ica l significance of ery th rogen ic  
toxin is  perhaps concealed by its  p rinc ip le  nam e, which re f le c ts  its  
ro le  in  the production  of the skin ra sh  of s c a r le t  fev e r, but fa ils  to 
d e sc rib e  additional b iological pathological p ro p e rtie s  of th is  agent.
Kim and W atson em phasize that the decline in  s c a r le t  fever incidence 
due to im m unization is  not accom panied by a concom itant decline in 
the c lin ica l im pact of tiie toxin because of i ts  even g re a te r  potential 
to  m odify host resp o n ses to o th e r infectious agents, as  w ell a s  to 
group A strep to co cc i (76). In addition to finding enhanced suscep tib ility  
to fa ta l endotoxic shock, W atson proposed  th a t the  toxin m ay account 
fo r t is su e  dam age leading to  rheum atic  fever (79, 80). No few er than 
11 b io logical p ro p e rtie s  assoc ia ted  with the ery them atous activ ity  of the 
toxin. These include cytotoxicity , i. é . , inhibition of adult rab b it
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m acrophages (81) and d ep ress io n  of re ticu loendo thelia l function (82); 
m yocard ia l and liv e r  n e c ro s is  (83); a lte re d  m em brane perm eab ility
(84); and im m unosuppression  (85).
As a lread y  indicated , the p o ss ib ility  fo r enhanced v iru lence 
of the  s trep tococc i due to v ira l  influence is  not r e s tr ic te d  to  conver­
sion to the toxic s ta te . This w as perhaps f i r s t  ind icated  in 1933, when 
Evans attem pted  to t r e a t  m ice  infected w ith strep to co cca l phage. He 
d iscovered  the phage-trea ted  m ice  exp ired  m o re  rap id ly  than the  u n ­
tre a te d  con tro ls (86 ). The incidence of lysogeny did, in  fact, co rrespond  
d irec tly  w ith o ccu rren ce  of m any group A s trep to co cca l d ise ases , a l ­
though not g en era lly  tru e  fo r a ll such ou tb reaks. M axted estab lished  
th a t the average  detection  ra te  of lysogenic s tra in s  of group A s tre p to ­
cocci was 25 to 30 p e rcen t (70), in studies using  one o r  two ind icator 
s tra in s . During ep idem ics, how ever, th is  num ber in c reased  to a 70 
p e rc en t frequency  of lysogeny of the s tra in s  iso la ted  (87), and even 
100 p e rcen t in  o ther stud ies (72).
F requency  stud ies such as th ese  have attem pted  to e stab lish  
a  re la tionsh ip  betw een phage influence and the developm ent of non­
suppurative p o st s trep to co cca l sequellae; 1. e . , acute g lom eru lo ­
n ep h ritis  (AGN) and rheum atic  fev e r. The pathogenesis of these  
d ise a se s  appear to be re la te d  since both m alad ies occur following 
s trep to co cca l infection and both seem  to be re la te d  to im m unological 
re sp o n ses  of the h o st. The epidem iology of p o st s trep tococcal
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g lom eru lonephritis  ind icates predom inant involvem ent of type 12 
s trep to co cc i, w h e reas , rheum atic  fever can follow strep tococca l 
infections of n e a rly  ev ery  M type. P o s t s trep to co cca l g lom eru lo ­
n ep h ritis  is  d e sc rib ed  a s  being an im m une com plex d isease . Among 
the  four p roposed  m echan ism s fo r AGN pathogenesis , a ll but one in ­
volve a specific  s trep to co cca l antigen tha t e ith e r cross, re a c ts  w ith, 
o r  is  deposited  in  som e com plexed fo rm  on the m esangium  o r b a s e ­
m en t m em brane  of the g lom eru lus (88 , 89» 90, 91, 92, 93, 94).
The a lte rn a tiv e  explanation suggests an e x tra c e llu la r  strep tococca l 
p roduct th a t r e a c ts  w ith g lom eru la r an tigen  and cau ses i t  to be 
recogn ized  as fo re ign  (88 , 95). S im ila rly , the  pathogenesis of 
rheum atic  fev e r m ay be re la te d  to an im m unological host resp o n se , 
but the  evidence is  frag m en ta ry . R esu lts  of decades of experim en tal 
pathology have yet to con tribu te  sign ifican tly  to an understanding  of 
th is  d ise a se  m echan ism .
A ntigens w ith common im m unological sp ec ific itie s  do in 
fac t re s id e  on the s trep to co cca l c e ll and the o rgans involved in  th ese  
d ise a se s . The group A carbohydrate  of s trep to co cc i, fo r exam ple, 
c ro s s  r e a c ts  im m unologically  w ith m ucopro tein  of the h e a r t  valve (96 ).
This antibody is  e levated  in  p a tien ts  w ith rheum atic  h e a r t  
d ise a se , and declines following su rg ic a l excision  of the valve. In 
addition, antibody to M -asso c ia ted  p ro te in  (MAP) of group A
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strep to co cc i is  found in  e levated  t i te r  in se ru m  fro m  pa tien ts  w ith 
rheum atic  fev e r (97).
It is  not d ifficu lt to im agine m echan ism s of phage influence 
on the pathogenesis of th ese  sequellae . Lysogeny could, as in  the 
sa lm onella  antigen conversion  exam ple, re s u lt  in the  production  of 
an tigens c h a ra c te r is t ic  of nephritogenic o r rheum atogenic s tra in s . 
Such s tra in s  could a lso  be the re s u lt  of induction of an e x tra ce llu la r  
nephritogenic  o r  rheum atogenic  substance via phage conversion . 
S trep to lysin  O, fo r exam ple, is  known to be card io tox ic  (98). L ysis  
of su scep tib le  b a c te r ia  by c e r ta in  phages m ay  a lso  con tribu te  to the 
d ise a se  p ro c e ss  by exposing new s trep to co cca l an tigens. In addition, 
c e r ta in  cytolytic su b stan ces, i . e . ,  b ac te rio c in s , m ay be involved 
in  the  pathogenesis of rheum atic  fev e r (88), and AGN (100, 101). 
B ra d le y 's  re p o r t  th a t b a c te rio c in s  a re  in  re a li ty  frag m en ts  o r p o r ­
tions of phage ta i ls  lends fu r th e r  support fo r  phage p a rtic ip a tio n  in 
th e se  d ise a se s  (102).
Only a  few stud ies have rev ea led  a phage a sso c ia ted  
p a tte rn  consisten t w ith the  incidence of th ese  sequellae. R am m elkam p 
rep o rte d  those types of group A s trep to co cc i m ost com m only 
a sso c ia ted  w ith acute AGN w ere  m o re  suscep tib le  to  the ly tic  action  
of a type 12 v iru len t bacteriophage  (103). T hese re s u l ts  w ere  sup­
p o rted  by s im ila r  findings of P o tte r  (104), and la te r  Leonova (105), 
both using  type 12 tem p era te  phages in independent investigations.
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Z ab risk ie  p ro p o ses tha t the  nephritogenic s tra in s  have possib ly  been 
cu red  of lysogeny and becom e sensitive  to phages of the  type-specific  
s tra in  (76). L o ss of lysogeny could in  tu rn  re s u lt  in  d e re p re ss io n  of 
the genetic  in form ation  coding for the  nephritogenic c h a ra c te r(s ) . 
A lterna tive ly , acco rd ing  to M axted, th is re la tio n sh ip  m ay re f le c t 
type specific ity  of c e r ta in  phages ra th e r  than an asso c ia tio n  of 
specific  v ira l  ac tion  w ith nephritogen ic  s tra in s  (106). A nother r e ­
p o rt com pared  the incidence of lysogeny in  s tra in s  iso la ted  fro m  
a re a s  w here  th e re  w as l it tle  o r no g lom eru lonephritis  o r rheum atic  
fev e r and a re a s  w here the o ccu rren ce  of th ese  sequelae w as high 
(72). The incidence of lysogeny w as 10 p e rc en t and 88 to  100 p e r ­
cen t, re sp ec tiv e ly , suggesting a strong  asso c ia tio n  of lysogeny in  
a re a s  of s trep to co cca l sequelae. W annam aker and cow orkers , how­
e v e r , could find no consisten t d ifferences in se v e ra l b io log ical p a ra ­
m e te rs  betw een phages iso la ted  fro m  nephritogenic and non- 
nephritogen ic  s tra in s  (106). In  fac t, re c en t investiga tions have failed  
to  find e ith e r com m on antigenic c h a ra c te r is t ic s  of nephritogenic 
s tra in s  (107), o r to  d isc rim in a te  betw een s trep to co cc i iso la ted  from  
p a tien ts  w ith  and w ithout n e p h ritis  (108).
N onetheless, the antigenic constitu tion of the  group A 
s trep to co cc i h as g re a t c lin ica l significance, and a d iscussion  of 
th e se  su rface  de te rm inan ts is  im portan t. S ev era l com ponents of 
the s trep to co cca l c e ll w all have been ex tensively  studied, i. e . ,
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1) M p ro te in  and re la te d  T and R antigens, 2) group specific  poly- 
sa c c h a rr id e , 3) m ucopeptide, and, to a  le s s e r  extent 4) g lycero l . 
te icho ic  acid . The M p ro te in  is  the  m a jo r  v iru lence  fac to r of group 
A strep to co cc i, by v irtu e  of its  antiphagocytic p ro p e r tie s  (109), and 
s tra in s  lacking the  M p ro te in  a re  unable to surv ive in norm al hum an 
se ru m  (97). A nti-M  antibodies enhance phagocytosis while providing 
long las tin g  im m unity (110). In addition, group A strep tococc i fa ll 
into m o re  than 50 types on the b asis  of M p ro te in  p rec ip ita tio n  r e ­
actions (111), a finding tha t has proven a pow erful diagnostic tool. 
Antigens T and R have no apparen t b io logical activ ity , but a re  
epidem iologically  usefu l.
The group specific  carbohydrate  fo rm s the b a s is  of g roup­
ing the s trep to co cc i into groups A through O by agglutination and 
p rec ip ita tio n  w ith specific  an tise ru m  (111). Although m o st human 
pathogens a re  group A o r  A -v a rian t, group B s trep tococc i have been 
identified  as opportun istic  d isease  p ro d u ce rs  in u r in a ry  tra c t  in fec ­
tions and m ening itis  (112-115). O ther groups a sso c ia ted  w ith A -v a rian t 
r a r e  hum an pathogenesis a r e  C, G, and O (115). The group 
carbohydrate  is  im m unologically  d is tin c t fro m  group A. Evidence 
ind icates tha t the  im m unodom inant sugar re s id u e s  of the  group A 
carbohydrate  a re  N -ace ty l g lucosam ines linked to a  backbone of 
rham nose  m o ie tie s  (116). The A -v a rian t m olecule on the o ther hand.
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contains no te rm in a l amino sugar re s id u es , the antigenic specific ity  
being de term ined  by the rham nose m oiety  itse lf  (116, 117, 118).
The group A antigen is  localized  as a d isc re te  band exposed 
to  the ou ter su rface  of the  ce ll w all (183). It im m unologically  c ro ss  
re a c ts  w ith the  hexosam ine polym er of the m ucopeptide c e ll w all 
(119), which has been found to have m any biological and toxic p ro p e r­
t ie s  s im ila r  to endotoxin of g ram  negative b ac te ria , including p y ro ­
genic, n e c ro tic , and hem olytic ac tiv itie s  (120, 121). Group A 
s trep to co cca l m ucopeptide also  p rov ides a  local Shw artzm an r e ­
action (121) and causes extensive ca rd itis  in m ic ro g ram  am ounts 
in  rabb its  (121). In jection  of s trep to co cca l m ucopeptide into m ice 
enhances re s is ta n c e  to subsequent challenge with v iru len t group A 
s trep tococc i (122),but m ay a lso  in tia te  shock and death  (121). Although 
im m unologically  s im ila r , chem ical s im ila r itie s  between m ucopeptide 
and group A carbohydrate  a re  re s tr ic te d  to common N -ace ty lg lu - 
cosam ine re s id u es  (110). The p rev iously  d iscu ssed  indication  of 
bacteriophage influence on the construction  of group specific c a r ­
bohydrate, how ever, acq u ires  in c reas in g  significance in  light of 
th ese  s im ila r it ie s .
Phage influence on the sev e rity  of strep to co cca l d isease  
m ay a lso  depend on tra n s fe r  of genetic m a te r ia l  fro m  one c e ll to 
another v ia  a bacteriophage v ec to r, i . e . , the p ro c e ss  of tra n sd u c ­
tion. Although no conclusive evidence is  availab le to p rove that
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transduction  con tribu tes to the m orb id ity  of b a c te ria l infections in  
hum ans, m any genetic m a rk e rs  have been tran sd u ced  that m ay w ell 
be re la ted  to the  developm ent and trea tm e n t of d ise ase . The re c e ip t 
of genetic in fo rm ation  fo r re s is ta n c e  to such an tib io tics as s tre p to ­
m ycin, e ry th rom ycin , and b a c itra c in  has obvious im plica tions in 
both the tre a tm e n t and the identification  of group A strep tococc i. 
Since an tib io tic  re s is ta n t  ce lls  tend  to be le s s  able to su rv ive  fo llow ­
ing n a tu ra l m utation  (123), transduction  could yield an antibiotic 
re s is ta n t  ce ll which p o sse s se s  the  su rv iva l po ten tia l of the  p a re n ta l 
w ild type.
T ransduction  is  a lso  proving to  be a valuable too l fo r the  
elucidation of s trep to co cca l genetics. Phage-m ediated  genetic t r a n s ­
fe r  w as d isco v ered  in  group A strep to co cc i in 1968 by L eonard  and 
cow orkers who rep o rte d  both tem p era te  and v iru len t phage m ed iated  
tra n s fe r  of strep tom ycin  re s is ta n c e  (124). L a te r  the num ber of 
tran sd u c tan ts  by v iru len t phage w as in c re ased  10-fold by irra d ia tin g  
phage ly sa te s  w ith  u ltra v io le t light p r io r  to adso rb tion  (125, 126).
No enhancem ent o c c u rre d , how ever, by irra d ia tin g  tem p era te  phage 
ly sa te s . M alke confirm ed  th ese  findings in  1969 (127) and in c re ased  
transduction  freq u en cies  by 1) low ering the m u ltip lic ity  of infection 
(moi) (127, 125, 126), and by 2)preventing superinfection  ly s is  of the 
tran sd u c tan ts . He accom plished  th is  second ta sk  by 1) em ploying a 
doubly tem p era tu re  sen sitiv e  phage m utant and transducing  a t the
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re s tr ic t iv e  tem p era tu re ; and 2 ) taking advantage of the p ro tec tive  ro le  
of the hyaluronic  acid  capsu le  in  preventing  phage infection. With 
th is  technology, the  l is t  of m a rk e rs  tran sduced  in c re ased  to include 
re s is ta n c e  to u ltra v io le t ligh t ir ra d ia tio n  and a t le a s t  10 additional 
an tib io tics (128, 129). (J. G. S tuart and J . J. F e r r e t t i ,  p e rso n a l
com m unication). F u rth e rm o re , linkage re la tio n sh ip s  have been
R R R R Restab lish ed  by M alke betw een kan and s t r  , e ry  lin  and spec
(129),and by S tu a rt and F e r r e t t i  between r i f ^  and s t l^  (personal com ­
m unication). The only additional m a rk e r  to be tran sduced  has been 
the  genom e of a  prophage in  a v iru len t phage m ediated  tra n s fe r  (130), 
i. e . , " tra n s fe r  induction" (125). The sam e study provided evidence 
suggesting th a t lysogenic s tra in s  of s trep to co cc i w ere  m ore  effic ien t 
donors but le s s  effic ien t rec ip ien ts  in tran sduction . A p a rtia l  exp lana­
tion  m ay be supplied by the finding that in te rfe re n c e  w ith v iru len t phage 
p ropagation  w as a w idesp read  p ro p e rty  of s trep to co cca l prophage g.
In te rg roup  tran sd u ctio n  has been d esc rib ed  between group 
A and group C s trep to co cc i (131) as w ell as group A and group G 
s tra in s  (132). At le a s t  two studies ind icated  th a t rec ip ien t efficiency 
in  tran sd u c tio n a l exchanges is  re la te d  to  M type (133, 134). In both 
re p o r ts  only 50 p e rc en t of the  M types te s te d  se rv ed  as rec ip ie n ts , 
although the v iru len t transducing  phages rap id ly  adsorbed  to a ll  the 
s tra in s  em ployed.
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P ro g re s s  in such genetic stud ies of group A strep to co cc i 
and the co rrespond ing  phages have been ham pered  by a  num ber of te c h ­
n ica l b a r r ie r s .  The chaining p ro p erty  of the o rg an ism s com plicates 
se lec tion  of p u re  ce ll lines and the fastid ious na tu re  of the strep tococc i 
r e s t r i c ts  th e  u se  of n u tritio n a l genetic m a rk e rs  as w ell as in te rfe rin g  
w ith  the fo rm ation  of confluent b a c te r ia l  law ns e sse n tia l fo r detection  
of phage p laques. In addition, th is  phag e-h o st sy s tem  is  often re m a rk ­
ab ly  unpred ic tab le .
R ecen tly , how ever, som e of these  d ifficu lties have been 
circum vented . In stud ies in  the 1950's K jem s in co rp o ra ted  a sc itic  
flu id  in  h is  m edium  (135), and K rause  la te r  in troduced  a d ialysate  
b ro th  w hich e lim ina ted  the need fo r a sc itic  flu id  (69). Both offered  
a good n u tritio n a l sou rce  favoring p laque fo rm ation . Todd-Hew itt 
a g a r  supplem ented w ith n o rm al h o rse  se ru m  produced  excellen t 
plaque m orphology in  the group A phage stud ies of M cKahe and 
F e r r e t t i  (150). M ickelson found su ccess  in  grow ing group A s tre p to ­
co cc i in chem ically  defined m edium  (136), which was subsequently 
m odified  by F r ie n d  and Slade to support the propagation  of v iru len t 
bacteriophages (137). T em pera te  phage plaques a re  b e s t detected  on 
a  m edium  th a t s tim u la te s  the  production  of hyaluronic  acid  cap su les , 
w hich y ie lds a m ucoid lawn. The d isso lved  cap su la r m a te r ia l  
su rround ing  the  c e n tra l plaque ap p ea rs  as two d is tin c t ha los that 
a id  in  p laque detection . T hese zones w ere  f i r s t  d e sc rib ed  by
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K jem s (138) fo r whom the effect is  named. Media advantageous for 
th is  purpose includes the ascites-supp lem en ted  solid m edium  of 
K jem s (135) and serUm  Todd-H ew itt (STH) agar d escribed  by McKane 
and F e r r e t t i  (ISO). P laques developing on STH a g ar a t 30C p o ssess  
an additional halo than d escrib ed  by K jem s, and lacked a ll  zones 
following incubation at 37C. The p rob lem  of chain fo rm ation  was 
p a rtia lly  reso lv ed  by the  u se  of m ild  Bonification (150) o r  fo rced  p ipe- 
pipetting th rough  the  fine o rifice  of a  p ipette  (127). Chaining s till  
re p re se n ts  a m ajo r handicap to  investiga to rs of s trep to co cca l gene­
t ic s  and phages.
A nother d ifficulty  involved the finding of a su itab le  phage- 
f re e  ind icato r s tra in  of strep to co cc i th a t would accep t heterologous 
phages. K jem s solved th is  p rob lem  w ith the selection  of a  pu re ly  
m ucoid type 12 b a c te r ia l  s tra in  called  K56 which w as apparen tly  
ph ag e-free  since i t  showed d is tin c t p laques when infected w ith a 
b road  sp ec tru m  of group A bacteriophages (139). Even th is  s tra in , 
how ever, h a s  been rep o rte d  to contain phage (R. M. Cole, p e rso n a l 
com m unication). N ev erth e le ss , s tra in  K56 is  now accep ted  as the 
"un iversa l"  ind ica to r fo r group A phage studies.
Since the p ioneer studies of Evans (140-145) and, la te r , 
K jem s (87, 135, 138, 139), two ca tego ries of group A strep to co cca l 
bacteriophages have been d escribed . The v iru len t phages, o rig in ­
ally  iso la ted  from  sewage (135), a re  heat stab le  p a rtic le s  that
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re q u ire  both enzym atic  rem oval of the hyaluronic acid  capsule p r io r  
to infection, and a  living ce ll fo r adsorb tion  (146). The tem pera te  
phages, obtained from  cu ltu res  of s trep tococc i in 1955 (135), a re  
therm o lab ile  v iru se s  tha t read ily  p en e tra te  the b a c te r ia l capsule 
and adsorb  to both viable and heat k illed  c e lls , as w ell as to iso la ted  
ce ll w alls (146). One step  growth curves ind icate  th a t both v iru len t 
and tem p era te  phages of group A strep tococc i p o sse ss  abnorm ally 
long la ten t p e rio d s  (50-60 m in) and sm all b u rs t  s iz e s  of 18-32 plaque 
form ing un its (PFU) p e r  infected  ce ll (139» 147, 148). In one study, 
tem p era te  phages p roved  m ore  frag ile  than the  v iru len t phage to 
m odera te  p h y sica l fo rce s  of u ltracen trifuga tion  and sonification. 
C hloroform  a lso  e x erted  a de le te rious effect on p rep a ra tio n s  of the 
tem p era te  bacteriophages (150). E lec tron  photom icrographs dem on­
s tra te  s im ila r  m orphology among a ll  group A phages (72, 138, 102, 148).
Both groups of phages a re  resp o n sib le  fo r the appearance 
of new e x tra c e llu la r  p roducts in  the m edium  (70, 138, 149). In 
the case  of the  v iru len t phages, these  "ex tra ce llu la r"  products m ay 
be due to ly tic  re le a s e  of p refo rm ed  m a te r ia l  w ithin the host cell, 
w hereas tem p era te  phages m ay influence the  a c tu a l syn thesis of at 
le a s t  one of th e se  p roducts in a  yet undeterm ined  m anner (149).
Although i t  now appears tha t phage p lays an im portan t 
ro le  in  a t le a s t one s trep to co cca l d isease , i . e . , s c a r le t  fev e r, the 
panoram a of phage conversion  in th is  o rg an ism  rem ain s  to  unfold.
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Our understanding  of th is phage-host re la tionsh ip  is  p r im a r ily  lim ited  
to c e rta in  asp ec ts  of v ira l rep lica tio n , as v e ry  lit tle  in form ation  on 
the b a c te r ia l re sp o n se  to  phage infection has accum ulated . Even the 
s im p le s t p h ag e-asso c ia ted  b a c te r ia l changes aw ait definitive exp lana­
tion . Many of th e se  v ira l induced d ifferences elude detection  because  
of inadequate m ethodology, and yet the host p ro p e rtie s  m ay be p r o ­
foundly influenced by th ese  seem ingly  subtle a lte ra tio n s .
CHAPTER III 
MATERIALS AND METHODS 
O rganism s
The s tra in s  of S trep tococcus pyogenes and bacteriophages 
em ployed in  th is  study a re  lis te d  in  tab les  1 and 2. B a c te ria l ind icato r 
s tra in s  fo r phage a ssa y s  included K56, a sm all colony type 12 v a rian t 
fro m  the Copenhagen phage stud ies (139), and TZS^, a d e riv itiv e  of 
s tra in  T25-41 lacking at le a s t  one prophage, as w ell as the  ab ility  to 
produce ery th rogen ic  toxin. The correspond ing  lysogens of K56; 
i. e.,K 56(2172) and K56(H4489A) contained one of two tem p era te  b a c te r io ­
phages obtained from  s trep to co cc i involved in g lom eru loneph ritis  ep i­
dem ics in  C leveland, Ohio and Red L ake, M innesota. A nother lysogen, 
T25^(T12gl), contained a tem p era te  converting phage th a t t r a n s fe r s  the 
capacity  to  produce e ry th ro g en ic  toxin (75). T his phage is  r e fe r re d  to 
a s  phage T12, denoting its  o rig in a l toxinogenic b a c te r ia l donor, s tra in  
T12gl. The T12 phage used  in  th is  study, how ever, w as iso la ted  in 
th is  lab fro m  the T25^(T12gl) s tra in  constructed  by J . B. Z ab risk ie  and 
obtained fro m  Lewis W annam aker. A nother o rg an ism , NY5-type 10, e labo­
ra te d  two im m unologically  d is tin c t tox ins, A and B. T his s tra in  is  a comm on
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TABLE 1
STRAINS OF GROUP A STREPTOCOCCI 
USED IN THIS STUDY
S tra in Type S ource D esc rip tio n  and R eference
K56 12 K jem s b ro ad  sp ec tru m  phage in d ica to r (139)
K56(2172) 12
McKane & 
F e r r e t t i K56 lysogen  of phage 2172 (150)
K56(H4489A) 12
M cKane & 
F e r r e t t i K56 lysogen of phage H4489A (150)
T25^ 25 Z ab risk ie tox  d e riv itiv e  of T25-41 "cu re d "  of phage (139)
T25g(T12gl) 25 Z ab risk ie tox^ T25^ lysogen ized  by phage T12 (139)
T25^(T12)B 25 McKane T25g ly sogen ized  by phage T12 (th is study)
NYStypelO 10
Dochez & 
Stevens tox^, p roduces both type A and B toxins (185)
T25g(H4489A) 25 McKane T25^ lysogen  of phage H4489A (this study)
wN
TABLE 1 - -C ontinued
S tra in Type S ource D esc rip tio n  and R eferen ce
9440s tr -1 0
K 5 6 str-1 0
9440AB^*












W annam ake r
S tu a rt & 




strep to m y cin  r e s is ta n t  d e riv itiv e  of 9440 (131) 
s trep to m y cin  r e s is ta n t  d e riv itiv e  of K56 (131)
d e riv a tiv e s  re s is ta n t  to  e ith e r  
s trep to m y c in  (AB=s t r ^ ), 
r ifam p ic in  (AB=rif^)« 
e ry th ro m y c in  (AB=e ry ^ ) , o r 
spectinom ycin  (AB=s p e c ^ ) (this study)
tox  p roduces l it t le  o r  no e ry th ro g en ic  toxin
tox^  p roduces e ry th ro g en ic  toxin
R  R*AB an tib io tic  re s is ta n c e  to e ith e r  s trep to m y cin  (s t r  ),
r ifam p ic in  ( r if^ ) , e ry th ro m y cin  (eryR ), o r  spectinom ycin  (s p e c ^ ).
TABLE 2
STRAINS OF BACTERIOPHAGE USED IN THIS STUDY
S tra in Type Source D esc rip tio n  and R eferen ce
2172 12 W annam aker iso la te d  fro m  "neph ritogen ic” s tre p to c o c c i (131)
H4489A 49 W annam aker iso la te d  fro m  "neph ritogen ic"  s tre p to c o cc i (131)
T12 12 G riffith iso la te d  fro m  tox^ T12gl (151)
T 12c£^ 12 M cKane c le a r  p laque m u tan t of phage T 12 (th is study)
H4489A v ir^ 49 M cKane v iru le n t m utan t of phage H4489A (th is study)
A25 25 Boulgakov v iru le n t phage iso la ted  fro m  sew age (70)
A 2 5 ^ ^ "^ 25 M alke p ro p ag a tes  a t 30 C but not a t 37 C (127)
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source  of m any standard  p rep a ra tio n s  of ery throgenic  toxin. T25^
was relysogen ized  in th is  lab o ra to ry  by phage T12 to construc t the
s tra in  T25g(T12)B, and by phage H4489A to produce T25^(H4489A).
A m utant of phage T12 was se lec ted  fo r i ts  ab ility  to fo rm  c le a r
plaques on a b a c te ria l lawn of s tra in  T25^. T his phage, called
T12cp^ is  capable of lytic infection only. A s im ila r  v iru len t m utant
of H4489A w as se lec ted  for i ts  capacity  to ly se  K56(H4489A), a
lysogen im m une to superin fection  by w ild type H4489A. Phage 
1 -2A2Sts , a double tem p era tu re  sensitive  m utan t of v iru len t phage 
A25, com pletes the l is t  of bacteriophages.
Group A strep to co cca l s tra in s  r e s is ta n t  to various a n ti­
b io tics w ere  a lso  u tilized . T hese m utant s tra in s  included K 56str-10  
and 9440s tr -1 0 , both strep tom ycin  re s is ta n t  s tra in s  iso la ted  as sub ­
su rface  colonies in  agar containing 2 .0  m g /m l strep tom ycin  sulfate  
(L. W annam aker and S. Skjold; and J . S tuart and J. F e r re tt i) .  S tra in s of 
K56 and 9440 re s is ta n t  to the an tib io tics rifam p ic in  (0 .15m g/m l), e ry th ro ­
m ycin (0 .2 0  m g /m l), and spectinom ycin (0 .0 6  m g /m l) w ere  obtained 
by S tu a rt and F e r r e t t i  (123). A ntibiotic r e s is ta n t  s tra in s  of K56,
K56(2172),and K56(H4489A) w ere  co nstruc ted  by transduction  of the
Rd e sired  genetic m a rk e rs  fro m  an app rop ria te  9440AB donor.
M edia
The standard  liquid m edium  (P P  broth) chosen fo r b a c te ria l 
grow th and phage propagation contained 6 . 0 p e rc en t p ro teose  peptone #3
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(Difco) and 0. 3 p e rc en t N aC l (these and a ll subsequent quan tities a re
final concen tra tions). P r io r  to autoclaving (15 lb. p re s s u re  fo r 20
m inu tes) N agH P04 (0. 38%) w as added to the  m edium , a fte r  which
s te r i le  so lu tions of each  of the following w ere  added: 0. 02% CaCl^»
0 .05  p e rc en t g lucose, and 5 .0  p e rcen t n o rm al h o rse  se ru m  (Gibco).
H yaluronidase  (0. 1 m g /m l) w as added to P P  b ro th  fo r the propagation
1 -2of v iru len t phages A25 and A25ts on the b a c te r ia l  s tra in  K56. An 
a lte rn a te  liquid m edium  fo r b a c te r ia l grow th w as unsupplem ented 
Todd-H ew itt B ro th  (Difco); th is  m edium , how ever, w as u n sa tis fac to ry  
fo r  phage propagation.
+
A v a rie ty  of liquid m ed ia  w ere  em ployed fo r growing tox 
s tra in s  when detection  of sc a r la tin a l exotoxin w as d e s ire d . The p r i ­
m a ry  b ro th  fo r th is  pu rpose  w as a d ia ly sa te  of Todd-H ew itt m edium  
(TH d ialysa te ) p re p a re d  by dialyzing 100 m l of 10 fold concen tra ted  
Todd-Hevfitt b ro th  (30 g/100 m l d is tilled  H^O) in  500 m l d is tilled  
w a te r fo r 16 ho u rs  a t 4 .0  C. The d ia ly sa te  w as then  autoclaved and 
com pleted  w ith  the  addition of s te r ile  g lucose (0. 05%). A second 
m edium  fo r  th is  pu rpose  w as a m odified infusion b ro th  of Stock (153, 
154). B ra in  h e a r t  in fu sio n ^45. 0 g /  200 m l d is tilled  H^O) w as infused 
fo r  one hour a t 50 C, o r  un til d isso lved , and subsequently  dialyzed 
a g a in st one l i te r  d is tilled  H^O fo r 48 hours a t 4 C. Following au to­
c lav ing , 50 m l of s te r i le  Stocks buffer w as added. The S tock 's buffer 
c o n sis ted  of g lucose (3 .0  g), NaHC03 (2 .0  g), Na^HPO^ (1. 2g), and
TABLE 3
COMPOSITION OF MICKELSON MEDIUM (136)
C om ponent m g /m l Com ponent m g /m l
Amino ac id s B v itam ins
Alanine 0 . 1 F o lic  acid 0 .005
A rgin ine 0 . 1 B iotin 0 .0025
A sparag ine 0 . 1 p-A m inobenzoic  acid 0.1
A sp artic  ac id 0 . 1 T hiam ine 0 .5
C ysteine HCl 0 .0 5 R iboflavine 0. 5
C ystine 0 .0 5 P ÿ rid o x a l HCl 1 .0
G lutam ic acid 0. 5 P y rid o x am in e 0 .5
G lycine 0 . 2 Ca -pan to thenate 0 .5
H istid ine  HCl 0 . 2 N iacin I.O
H ydroxyproline 0 . 1
u>
TA BLE 3--C on tinued
Com ponent m g /m l Com ponent m g /m l
Iso leucine 0 . 1 Salts
L eucine 0 . 1 K^HPO^ 0 .5
L ysine  HCl 0 . 1 KH^PO^ 0 .5
M ethionine 0 . 1 MgSO^ 0 . 1
N orleuc ine 0 . 1 FeSO^THgO 0 .004
P heny lalan ine 0 . 1 MnS0^4H^) 0 .005
P ro lin e 0 . 1 Z nS0^7H g0 - -
S erine 0 .1 N aC l 0 .0 1
T hreonine 0 . 1 10 .0
T ryptophan 0 . 1 G lucose 1 0 .0
T y ro sin e 0 . 1
U3
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TABLE 3 --C ontinued
Com ponent m g /m l Com ponent m g /m l
V aline 0 .1 pH 7 .0
G lutam ine — —
Adenine 0 .0 1
Guanine 0 . 0 1
U ra c il 0 .0 1
OJ
vD
A m ounts a r e  e x p re sse d  as fin a l concen tra tion .
TABLE 4
COMPOSITION OF CHEMICALLY DEFINED MEDIUM 
OF LEONARD, ET AL (157)
Am ount Am ountCom ponent g / l i t e r Com ponent g / l i t e r
L -am ino  ac ids P u r in e s  and p y rim id in es MS6
A rgin ine 0 . 6 Adenine 0 .0 1
M ethionine 0 . 2 Guanine 0 .0 1
V aline 0 . 2 U ra c il 0 .0 1
L eucine 0 . 2
Iso leucine 0 .2 S alts
L ysine 0 . 2 NaCl 0
S erine 0 .2 K^HPO^ 12 .0
T y ro sin e 0 .4 5 .2
o
TA BLE 4 - -CONTINUED
C ysteine 0 . 2 (NH^)2S0 ^ 2 . 0
H istid ine 0 . 2 MgSO^ 7H^0 0 . 2
C ystine 0 .0 5 MnSO^ H^O 0 .0 1
P henylalan ine 0 . 2 P e s o .  7H_0 4 2 0 .0 1
Glycine 0 . 2 NaHCOg 5 .0
T ryptophan 0 . 2 G lucose 10 .0
G lutam ic acid 0 .5
W ater (double d is tilled ) to m ake 1 l i te r .
A lanine 0 . 2
P ro lin e 0 .2
T hreonine 0 .2 pH 7 .6
A sp a rtic  ac id 0
V itam ins
N iacinam ide 0 .0 1
TA BLE 4 - -C ontinued
V itam ins
0 . 01T hiam ine
0 . 01R iboflavin
0 . 0 1C a -P an to th en a te
0 .003B io tin
p -am inobenzo ic  acid 0 .0 0 2
P y rid o x à l . HCl 0 .002
P yridoxam ine 0 . 002
0 . 002F o lic  acid pH 7. 6
tf»-N
TABLE 5
SYNTHETIC MEDIUM FOR THE GROWTH OF THE 
DEXTR AN -PRODU CING STREPTOCOCCI (158)
Am ino ac ids (g/1) P u r in e s  and p y rim id in es (m g/I)
A rg in ine 0. 15 Adenine 5 .0
C yste ine  HCL 0.05 Guanine 5 .0
C ystine 0 .05 U ra c il 5 .0
G lutam ic ac id 2 .0 0
G lycine 0 .6 0 V itam ins (m g /I)
H istid ine 0 . 20
Iso leucine 0 .2 0 F o lic  ac id 25 .0
L eucine 0 .4 0 B iotin 62 .5
L ysine 0 .60 PABA 100. 5
4̂w
TABLE 5--C on tinued
Am ino ac ids (g /l) P u r in e s  and p y rim id in es  (m g/I)
M ethionine 0 .2 0 T hiam ine 500 .0
P heny lalan ine 0 . 2 0 R iboflavin 1000 .0
S erine 0 . 10 P y rid o x a l HCL 1000.0
T ryptophan 0 . 10 C alc ium  P an to thenate 500 .0
T y ro sin e 0 .05 N iacin 1000 .0
V aline 0 .30 P yridoxam ine 1000.0
S alts  (g/1) g /1
K3HPO4 0 .5 G lucose 10.0




Am ino ac ida  (g/1) P u r in e s  and P y rim id in e s  (m g/I)
N aC l 0 .0 2
F e S O . 7H .O  4 2
0 .0 2
M nSO. 4H _0 4 2 0 .0 2
in
TABLE 6
COMPOSITION OF HENDERSON AND SN ELL'S MEDIUM (156)
Com ponent
Q uantity  p e r  
100 m l. Com ponent
Q uantity  p e r  
100 m l.
G lucose 2 gm . Ca pan to thenate 100
Sodium  c itra te  (U .S. P . XII) 2 gm . N iacin 100
Sodium  a ce ta te  (anhydrous) 0 . 1 gm . p-A m ininobenzoic acid 20
NH4 CI 0. 3 gm. Bio tin 1
K^HPO^ 0. 5 F o lic  ac id 1
S alts  C 2 m l. D L -A lanine 100 m g.
Adenine su lfa te 1 m g. D L -A sp artic  acid 100 m g.
G uanine hyd roch lo ride 1 m g. L -G lu tam ic  ac id 100 m g.
U ra c il 1 m g. L -A rg in in e -H C l 20 m g.
X anthine 1 m g. L -L ysine-H C l-H gO 20 m g.
o
TABLE 6 --C on tinued
Com ponent
Q uantity  p e r  
100 m l. Com ponent
Q uantity  p e r  
100 m l.
T hiam ine 100 O ther am ino acids 
L  fo rm s 10 each
R iboflavin 100 O r DL fo rm s 20 each
P y rid o x a l 20 -si
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1-glu tam ine (200 mg) d isso lved  in 50 m l d is tilled  H^O. A dialysate  
of p ro teo se  peptone #3 (PPD), p rep a red  as  w as THD but using 
60 g /  100 m l HgO, w as the fina l m edium  used  fo r toxin stud ies.
C hem ically  defined (synthetic) liqu id  m ed ia  w ere  p rep a red  
using  the  four p ro to co ls  in tab les  3-6. W ith one exception, solutions 
of glucose and phosphate buffer (pH, 7) w e re  autoclaved sep ara te ly  
to  supplem ent the cooled s te r ile  m edia. The p ro ced u re  of Leonard, 
e t a l . , how ever, ca lled  fo r solutions of g lucose, FeSO^, MnSO^, and 
NaHCOj to  be s te r il iz e d  by p assag e  through M illipore  f i lte rs  
(0 .45yu.) and added to  the m edium  im m edia te ly  p r io r  to i ts  use . The 
pH of a ll  m ed ia  was ad justed  to 7 .4  w ith 1. 0 N HCl o r  NaOH. F u rth e r  
en richm en t to  enhance growth included addition of the am ino acids 
a lan ine , p ro lin e , th reon ine  and a sp a rtic  acid  in fina l concentrations 
of 1 .0  m g /1  to those m edia  lacking th ese  n u trien ts .
The so lid  m edium  m o st com m only em ployed was Serum  Todd- 
Hew itt (STH) ag a r. T his m edium  w as com posed of Todd-Hewitt bro th  
(Difco) ad justed  to  a pH of 6 . 9 p r io r  to  addition of 1. 0 p e rcen t b a c te r i­
o log ical ag ar (BBL), 0 .038  p e rc en t Na^HPO^ and subsequent au to- 
claving. The s te r i le  m ix tu re  w as supplem ented w ith 5. 0 p ercen t
n o rm al h o rse  se ru m  (Gibco), and 0. 02 p e rc en t CaCl^* D etection of
1 -2phages A25 and A25ts_ plaques on the b a c te r ia l ind ica to r s tra in  
K56 re q u ire d  the fu rth e r  addition of hyalu ron idase  (0. 04 m g/m l) to 
STH m ed ia  u sed  fo r th a t pu rpose . Todd-H ew itt (TH) ag a r contained
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the sam e concentra tions of Todd-H ew itt b ro th  and agar as STH agar, 
but lacked  the other supplem ents. A ll so lid  m edia  w ere  poured  into 
100 m m  p las tic  p e tr i  d ishes (about 25 m l/p la te ) , flam ed to e lim inate  
bubbles, and d ried  upside down w ith lid s rem oved fo r one hour at 
41 C. Ingred ien ts of se ru m  soft agar (SSA) corresponded  to those 
of STH m edium , with the  ag ar reduced  from  1. 0 to 0. 7 percen t.
C u ltu ra l Conditions
Routine b a c te r ia l grow th in liquid  m edia entailed inoculating 
5. 0 m l P P  b ro th  from  stock cu ltu res  of b a c te r ia  (these stock cu ltu res  
w ere  susta ined  on STH agar a t 4 C, and tra n s fe re d  to f re s h  ag a r each 
14 to  21 days). The inoculated  P P  broth  w as m aintained fo r  16 hours 
a t 30 C, producing a b a c te r ia l  cu ltu re  uniform ly  in the la te  log phase 
of grow th. T hese overn ight cu ltu res  w ere  em ployed as daily  stocks.
S ev era l a ttem p ts  w ere  m ade to stim ula te  b a c te ria l grow th 
in  synthetic m edia:
1) inoculation of 0 . 1 m l fro m  a daily  stock b a c te ria l cu ltu re  
into 10 m l synthetic  m edium , and subculturing 1. 0 m l 
inocula each  24 ho u rs  at 37 C;
2) adding d ecreasin g  am ounts of P P  b ro th  to f re s h  synthetic 
m edium  w ith  each  daily  t r a n s fe r ,  un til growth o ccu rred  in 
unsupplem ented synthetic m edium ; and
3) incubating inoculated  cu ltu res  in  the reduced oxygen 
tension  of a  candle ja r .
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Phage propagation  was accom plished by sim ultaneous inocula-
8tion  of one drop from  a phage p rep a ra tio n  containing 10 plaque fo rm ­
ing units (P F U )/m l, and one d rop  of an overnight cu ltu re  of the
app rop ria te  b ac te ria  to 5 .0  m l of s te r ile  P P  broth . With the  excep-
1 -2tion of tem p era tu re  sensitiv e  phage s tra in  A25ts , a ll phages w ere
propagated a t 37 C, cen trifuged , and the  ce lls  rem oved by filtra tio n
(all filte rin g  p ro ced u res em ployed M illipore  m em branes with a p o re
size  of 0. Phages H4489A, 2172, and A25 w ere p ropagated  on
b a c te ria l s tra in  K56 fo r 4 h o u rs , w hereas phage T12 req u ired  an
additional 2 hour incubation w ith b a c te r ia l s tra in  T25^ fo r p ro lifé ra -
1 -2tion. Phage A25ts w as h a rv ested  following 16 hours incubation
1 —2with K56 a t 30 C. Both A25 and A25ts failed  to propagate on K56 
un less the  m edium  contained 0 . 1 m g /m l hyaluronidase  to rem ove 
b a c te r ia l capsu les. In a ttem pts to obtain  h igher phage t i te r s ,  
sev e ra l va ria tio n s of th is  p ro toco l w ere  tes ted . T hese included 1) 
propagation  in Todd-H ew itt b ro th , e ith e r containing o r lacking the 
supplem ents used  in  P P  b ro th , 2) propagating a t tem p era tu re s  of 
24, 30, and 37 C, and 3) h a rv estin g  the  phages a fte r 3, 4, 5, 6 , 7,
8 , and 16 hour incubation.
D etection of PFU  was accom plished  by a m odification of the 
phage a ssa y  technique of W ahnam aker, et a l. (159). Confluent 
b a c te ria l lawns w ere  produced  by diluting an appropria te  overnight 
b a c te r ia l cu ltu re  1:10 in  P P  b ro th , and flooding the  su rface  of an STH
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p late  with 2 .0  m l of th is ce ll suspension . Once the excess fluid w as 
rem oved, the p la tes  w ere  inverted  and incubated a t 37 C fo r 30 
m inu tes w ithout covers fo r d ry ing . The p late  was then divided into 
four sections and a d rop  of the ap p ro p ria te  phage d ilu tion (0.033 m l) 
w as applied  w ith a P a s te u r  p ipette  to each  quadrant. In o rd e r  to 
d e te rm in e  the undiluted phage t i t e r s ,  the num ber of infectious cen ­
t e r s  w ithin a quadran t was m ultip lied  by 30 and ad justed  for the 
dilution. The accu racy  of th is  m ethod was confirm ed by com paring
t i t e r s  de te rm ined  by u tiliz ing  ca lib ra ted  p ipettes in a s tan d ard  agar
1 •"2overlay  p ro ced u re  (160). A ssays fo r A25 and A25W plaques r e ­
q u ired  the addition of hyalu ronidase  (0 .04 m g/m l) to the m edium .
Iso la tion  of B acteriophage S tra in s  
The b a c te r ia l s tra in s  lis ted  in Table 1, w ith the exception 
of the K56 lysogens and the an tib io tic  re s is ta n t  s tra in s , w ere  ex ­
am ined fo r the production of bacteriophage. P re lim in a ry  analysis  
consis ted  of filte rin g  cen trifuged  supernatan t fluids from  P P  broth  
c u ltu re s  grow n overnight a t 30 C and 4 hours a t 37 C. The f iltra te s  
w e re  dropped undiluted onto se p a ra te  STH ag ar p la tes containing 
s tandard  law ns of s tra in s  K56, TZS^, T 25j(T 12gl), 9440 s t r - 10, or 
NY5 type 10. D uplicate STH ag a r p la tes  containing 0. 04 m g /m l 
hyalu ron idase  w ere  s im ila r ly  p rep a red . Following incubation fo r 
16 hours a t 30 C« the su rface  law ns w ere  inspected  for infectious
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c e n te rs . T hese p laques w ere  a sep tica lly  p icked, resuspended  in
0. 3 m l P P  b ro th , and used  as an inoculum  for propagation in the 
sam e b a c te r ia l s tra in  supporting the p laque. S tandard p ro ced u res 
for p ropagation  w ere  em ployed, but v a ria tio n s included use  of both 
TH and P P  b ro th , and incubating a t 24, 30 and 37 C. S im ila r p r e ­
p a ra tio n s  of resuspended  phage fro m  infectious c en te rs  w ere  dropped 
on su rface  law ns of each  b a c te r ia l s t ra in  to  de te rm ine  Üie h o s t range 
of each  bacteriophage, as w ell a s  the phage sen sitiv itie s  of the 
s trep to co cc i.
In an a ttem pt to  enhance phage production  by the  lysogens, 
ac tive ly  growing b a c te r ia l  c u ltu res  w ere  exposed to inducing agen ts. 
One m l of each  overn igh t b a c te r ia l cu ltu re  w as inoculated into 9. 0 
m l P P  b ro th , and incubated fo r two h o u rs  a t 37 C. F ive m l of 
th e se  m id -lo g arith m ic  grow th cu ltu res  w ere  then ir ra d ia te d  under a 
15-w att b a r  type b a c te ric id a l u ltra v io le t lam p fo r 30 seconds in open 
g la ss  p e tr i  d ishes (d istance of 24 cm ). The n o n irrad ia ted  portion  
of the  ac tive ly  growing cu ltu res  rece iv ed  0 .1  m g /m l of m itom ycin C 
(Calbiochem ). A ll cu ltu res  w e re  then re incubated  at 37 C fo r  3 h o u rs , 
and the  f i lt ra te s  obtained as sayed fo r phage ac tiv ity  on each b a c te r ia l  
s tra in . S tra in  K56(H4489A), w hich h as p rev io u sly  been shown to 
be inducible by both m ethods (150), w as u sed  as an ind icato r of 
induction efficiency.
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C oncentrating and Purify ing  B acteriophage 
P re p a ra tio n s
The u se  of u ltracen trifu g a tio n  w as investigated  to determ ine  
i ts  efficiency  to  concen tra te  and pu rify  tem p era te  s trep tococcal 
bacteriophages. The p ro toco l w as s im ila r  to that used  p rev iously  
in  th is  lab o ra to ry  for 2172 and H4489A (150). These two phages 
w e re  a lso  em ployed to de te rm ine  the  conditions resu lting  in  m axim um  
phage reco v ery . F o u r 13 m l tubes containing high t i te r  P P  b ro th  
phage p rep a ra tio n s  w e re  cen trifuged  a t 101, 962 x  g. One tube was 
rem oved  each  30 m inu tes, the supernatan t fluid ex trac ted , and the 
p e lle t re  suspended in 1. 3 m l T2 buffer (162). P laque form ing 
ac tiv ity  w as de te rm ined  fo r  both the  supernatan t fluid and the r e ­
suspended p e lle t. The p u rity  of the p rep a ra tio n s  containing m axim um  
phage concen tra tions w as exam ined by disc gel e lec tro p h o res is  in
7. 0 p e rc e n t po lyacry lam ide  (Canalco). P ro te in  bands w ere  fixed in
5 .0  p e rc en t tr ic h lo ro a c e tic  acid  (TCA) and sta ined  with am idoschw artz . 
A cetic  acid  (7,0%) se rv ed  as an effective de staining solvent. Con­
cen tra tio n  of phages w as a lso  attem pted  by pervapo ra tive  d ia lysis  
in  a  S ch le icher and Schuell colloidon bag a p a ra tu s . Twenty m l of 
P P  b ro th  phage p rep a ra tio n s  w ere  sub jected  to constant negative 
p r e s s u re  un til a  10 fold reduction  in  volum e o ccu rred . The P F U /m l 
of both the concen tra te  and the d ia lysa te  w ere  a scerta in ed .
In o rd e r  to obtain highly pu rified , concentra ted  phage p r e ­
p a ra tio n s , two m ethods w ere  em ployed. F i r s t ,  u ltracen trifuga tion
54
(101,962 X g, 72 hour) in C sC l (re frac tiv e  index, ad justed  to  1. 5)
8w as attem pted  using 1 .0  m l of a  phage sam ple (7 .4  x  10 ) concen tra ted  
and p a rtia lly  pu rified  by cen trifugal sedim entation (101, 962 x  g, 90 
m inutes). F rac tio n s  (0. 5 m l) w ere  co llec ted  by puncturing the 
bottom  of the  cellu lose  n itra te  tube w ith a 26 gauge needle, and 
assayed  fo r absorbancy  a t 280 nm on a G ilford spectropho tom eter, 
m odel 2400, as w ell as fo r phage activ ity . The second endeavor in ­
volved chrom atographic  sep ara tio n  by Sephadex G 200. B a c te r io ­
phage H4489A w as f i r s t  concen tra ted  10-fold w ith polyethylene glycol, 
MW 4000 (161), to a t i te r  of 8 .4  x  lO ^^PFU /m l, resu ltin g  in  a tu rb id
flocculant p rec ip ita te  in th e  low er 10 p e rcen t of the final 10 m l volum e. 
N inety p e rcen t of the  phage activ ity  in  the p rep a ra tio n  w as a sso c ia ted  
w ith  th is  n o n -ce llu la r p rec ip ita te . Following application  of th is  p r e ­
c ip ita te  (containing 1. 5 x lO ^^PFU /m l) to the G 200 colum n, 1 .0  m l 
e lution frac tio n s  w ere  assay ed  spec tropho tom etrica lly  a t 280 nm , and 
phage concentrations determ ined .
P ro p e r t ie s  of B acteriophages 
S ev era l p ra c tic a l c h a ra c te r is tic s  of the  tem p era te  b a c te r io ­
phages H4489A, 2172 and T12 w ere  determ ined , although a working 
knowledge of H4489A and 2172 had been p rev iously  estab lished  (150).
To de term ine  the  idea l m edium  fo r s to rage  and dilution, stock  phage
-3p rep a ra tio n s  w ere  dilu ted 10 in e ith e r TH bro th , P P  b ro th , THD,
55
physio logical s te r ile  sa line  (PSS), T2 buffer (162) and t r i s  buffer 
(163), and m ain tained  a t 4C. P laque form ing ac tiv ity  w as te s te d  
each  hour fo r  the  in itia l 4 h o u rs . Subsequent a ssa y s  w ere  perfo rm ed  
every  24 h o u rs .
L oss of v iab ility  in  the p resen ce  of 10 p e rc en t ch lo ro fo rm  
w as p rev io u sly  rep o rte d  fo r phages H4489A and 2172, although the 
n a tu re  of th is  sen sitiv ity  rem ained  unexam ined (150). The effects 
of ch lo ro fo rm  on phage T12 v iab ility  w as s im ila r ly  de te rm ined  in 
th is  study. Ten m l of a  f ilte re d , c e ll- f re e  T12 phage p rep a ra tio n  
w as divided into five m l aliquots.. One tube se rv ed  as the contro l, 
w h e re a s ,0. 5 m l of ch lo ro fo rm  was added to  the o th e rs  and shaken 
v igorously . A ll p rep a ra tio n s  w ere  m aintained  a t 4 C. and assayed  
fo r infectious c en te rs  a t 0 tim e , a fte r  3 h o u rs , and ev ery  24 hours 
fo r 18 days.
To elucidate  the n a tu re  of th is in stab ility , the above p ro toco l 
w as rep ea ted  fo r  phages H4489A, 2172, and T12 w ith  se v e ra l va ria tions.
1) The de te rg en t Tween 80 (10%) was substitu ted  fo r  ch lo ro ­
fo rm .
-22) Phage p rep a ra tio n s  diluted 10 in P P  b ro th  p re tre a te d  
w ith 10 p e rc en t ch lo ro fo rm  fo r 18 days w ere  exam ined 
fo r  s tab ility  in  the absence of the solvent. The tre a te d  
P P  b ro th  w as heated  for one hour a t 60 C. to fac ilita te  
rem oval of ch lo ro fo rm  tra c e s  p r io r  to  the  addition of phage.
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3) "R esis tan t"  phages s ti l l  v iable a f te r  18 days of c h lo ro ­
fo rm  exposure  w ere  u sed  as the  inoculum  for phage 
propagation . C hloroform  se n s itiv ity  of the  phage in 
th ese  f re s h  p rep a ra tio n s  w as then  a sce rta in ed . 
Im m unological s im ila r it ie s  in  the  th re e  tem p era te  phages 
w ere  exam ined. R abbit a n tise ra  specific  fo r  each  bacteriophage 
s tra in  w as added se p a ra te ly  to a ll phage p re p a ra tio n s  in  co n cen tra ­
tions of 0. 0001 p e rc en t to 10 p e rcen t. Follow ing one hour incubation 
of the "n eu tra liza tio n "  tubes a t 37 C, the phage concentra tion  of each 
m ix u re  w as de te rm ined . Negative co n tro ls  en ta iled  substitu ting  
p re im m une s e r a  fo r the  phage specific  hyperim m une se ra .
Phage D evelopm ent
One step  grow th experim en ts w e re  p e rfo rm ed  by the
m ethod of E llis  and D elbruck (164), w ith c e r ta in  m odifications.
Im m edia te ly  following sonification  of b a c te r ia l  c u ltu res  to  produce
7
sing le  cocci, a  phage p rep a ra tio n  of H4489A containing 2 .4  x  10
Q
PF U  w as added to 9. 5 x  10 viable K56 c e lls  in  10 m l P P  b ro th , a t 
a  m u ltip lic ity  of infection  (moi) of 0. 025. Follow ing 10 m inutes 
incubation, 0. 5 m l phage specific  a n tise ru m  w as added to th is 
adso rp tion  tube. A fter an additional 10 m in u te s , the  cu ltu re  w as 
d ilu ted  1000-fold in  p rew arm ed  P P  b ro th  to  p roduce  the  f i r s t  grow th 
tube (FGT). The second grow th tube (SGT) re p re se n te d  a fu r th e r
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1:10 dilu tion after. 30 m inutes incubation. Sam ples fro m  the FGT 
and SGT w ere  w ithdraw n at 5 m inute in te rv a ls  from  the tim e  of
dilution, and assay ed  fo r infectious c e n te rs . The sam e p ro ced u re
6 8 w as em ployed using  8 . 9 x  10 PFU  and 9. 5 x  10 viable K56 chains
fo r  2172 (m oi of 0. 01), and 7 .1  x  10^ PFU  and 7. 2 x  10^ viable T25^
chains fo r T12 (moi of 0. 03).
C oncurren t developm ent of two phages w ithin the sam e ce ll
was exam ined to  a sc e r ta in  any dom inance re la tio n sh ip s among the
8th re e  tem p era te  v ira l  s tra in s . Phage H4489A (3. 3 x  10 PFU ) and
Q 7
2172 (3. 6 X 10 PFU ) w ere  allow ed to coinfect 3 . 0 x 1 0  viable K56
chains in  10 m l P P  bro th . S im ila r b a c te r ia l  cu ltu res  w ere  inoculated
se p a ra te ly  w ith  each phage fo r the singly in fected  co n tro ls . The high
to ta l m oi of 23w 0 p rom oted  m ultip le  phage infection of each bac te riu m .
Follow ing s tan d ard  propagation  p ro toco l, the  phages w ere  h a rv e s te d
a fte r  fou r h o u rs . The sam ples w ere  divided into two 5. 0 m l vo lum es,
each  of w hich rece iv ed  0. 5 m l of n eu tra liz in g  an tise ru m  specific  fo r
e ith e r H4489À o r 2172. The phage concen tra tions of the rem ain ing
viab le  p a r t ic le s  w as de te rm ined  a fte r  30 m inute incubation a t 37 C.
8The p ro ced u re  w as repea ted  fo r phages T12 (1 .2  x  10 PFU ) and
8 7H4489A (1. 8 X  10 PFU ) sim ultaneously  infecting 1 . 8 x 1 0  viable
chains of T25^ (combined m oi of 16. 6).
One a sp ec t of phage d irec te d  con tro l of b a c te r ia l functions
w as investiga ted  using  rifam p ic in , an antib io tic  which in te r fe re s
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w ith deoxyribonucleic acid  (DNA) dependent ribonucleic  acid  (RNA) 
po lym erase  (165). O vernight cu ltu res  of K56 and K56r i f ^  w ere  u sed  
as inocula fo r p ropagation  of phage H4489A on each s tra in  in  n o rm al 
P P  bro th  and in  P P  b ro th  containing 0. 15 m g /m l rifam pic in . T his 
concen tra tion  of the  an tib io tic  p rev en ts  the grow th of w ild type K56, 
but not K 5 6 rif^ . The four cu ltu res  w ere  incubated at 37 C fo r 4 
h o u rs , a t which tim e  the  phages w ere  h a rv ested  and assay ed  fo r 
infectious c e n te rs . G row th k in e tics  of both b a c te r ia l s tra in s  in  the 
p resen ce  and absence  of rifam p ic in  w ere  determ ined , using  a  tu rb id i-  
m e tr ic  technique. The ab so rb an c ies  of the b a c te r ia l cu ltu res  w ere  
m easu red  in a K le tt c o lo r im e te r  w ith a No. 660 f ilte r . The e x p e r i­
m ent w as rep ea ted  fo r  phage 2172.
A dsorption  K inetics 
E x perim en ts  to d e te rm in e  the  k in e tics  of phage adsorp tion  
to nonlysogenic b a c te r ia  and hom ologous lysogens req u ired  s ta n d a rd iz ­
ing overn ight b a c te r ia l  suspensions to  d iffer in v iable chain  c o n ce n tra -
7tions by no m o re  than  5 .0  p e rc en t. Phage T12 (1. 6 x  10 PFU ) w as
8 8then added to  se p a ra te  tubes containing 7. 5 x  10 and 7. 3 x  10 
viable chains of T25^ and T25^(T12gl) in  P P  b ro th  p rew arm ed  to  
37 C. Sam ples w ere  rem oved  a t in te rv a ls , f ilte re d  im m edia te ly , 
and the phage t i te r  of the f i l t ra te  de te rm ined  in  the u su a l m anner.
The experim en t w as rep ea ted  fo r phages H4489A and 2172 using
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8 . 3 X 10^ and 9. 3 x  10^ phage p a r tic le s , respec tive ly . The viable
g
count of the K56 inoculum  w as 2 .4  x 10 C F U /m l, and tha t of the
8 8correspond ing  lysogens was 2. 8 x  10 and 7. 9 x  10 C FU /m l.
When using a  lysogenic b a c te r ia l s tra in  in  these  experim en ts, 
i t  w as n e ce ssa ry  to  d istingu ish  re s id u a l (unadsorbed) phage from  the 
n o rm al background phage count produced spontaneously by the  lysogen. 
C ontro ls w ere  estab lished  by filte rin g  a sam ple  of the standard ized  
b a c te r ia l  suspension  p r io r  to phage inoculation. The phage concen­
tra tio n  of th is  f i l tra te  re p re se n te d  the background count due to 
spontaneous induction.
S ero log ica l M ethods 
A n tise ra  against whole ce lls  w e re  produced by a com bination 
of in trap e rito n ea l and in tra m u sc u la r  in jections tw ice w eekly fo r 86 
days. The antigens w ere  living ce ll p rep a ra tio n s  of S. pyogenes, 
s tra in s  K56, K56(H4489A), K56(2172), T25^ and T25g(T12gl). Each 
s tra in  was grown a t 37 C for 3 hou rs in 10 m l P P  broth , w ashed and 
r e  suspended in 5. 0 m l PSS im m ediate ly  befo re  in jection. C u ltu res 
w ere  uniform ly in  la te  logarithm ic  phases of growth. The final s e ra  
w ere  standard ized  to an agglutinating t i t e r  of 2052.
The t i te r  of the whole ce ll a n tis e ra  w as determ ined  by tube 
agglutination, using f re s h  b a c te r ia l suspensions s im ila r to the 
im m unizing p rep a ra tio n s  as ind ica to rs  of agglutination. S evera l
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a lte rn a tiv e  m ethods fo r titra tio n  of a n tise ra  w ere  exam ined, as well.
A m ic ro tite r  agglutination technique was a ttem pted , in itia lly  using 
b a c te ria l suspensions a s  the  ind ica to r. It w as an tic ipa ted  that ad so rp ­
tion of whole b a c te r ia  to goat e ry th rocy tes would fac ilita te  in te rp re ta ­
tion of the  agglutination p a tte rn s . S trep tococci and goat e ry th rocy tes 
w ere  w ashed and suspended in  conjugation buffer containing 3. 3 p e r ­
cent 1 ethy l-3  (3-diethylam inopropyl) carbodim ide (ECDI). The two 
ce ll suspensions w ere  com bined and m ain tained  at 4 C fo r  2 hours 
fo r coupling to  occu r (166). Separation of the  goat e ry th ro cy tes  
fro m  the b a c te r ia  p roposed  an additional p rob lem . A ttem pts to  r e ­
solve th is  d ifficulty  included d iffe ren tia l cen trifugation  a t 132, 6450, 
and 15,900 x  g fo r 10, 20, and 30 m inu tes, and high speed cen trifuga­
tion  (29, 500 X g) fo r 10, 20, and 30 m inutes in  g rad ien ts  of su cro se  
(5-20%) fo r ve locity  sep ara tio n , and CsCl (re frac tio n  index 1.5) fo r 
density  sep ara tio n .
The capacity  of the a n tise ra  to k ill  the corresponding  b a c te ria  
w as exam ined as an a lte rn a te  m ethod fo r de term in ing  specific a n ti­
body concen tra tion . O vernight b a c te ria l c u ltu res  w ere  sedim ented 
and resuspended  in an equal volum e of a n tis e ra , and incubated fo r 
one hour a t 36 C. The v iab ility  of the c u ltu res  w as then asce rta in ed  
by viable counts of the app rop ria te  dilution of STH a g a r. S im ilar 
cu ltu re s  rece iv ed  iden tica l trea tm en t, but w ere  exposed to  preim m une 
se ru m , ra th e r  than  the  se ru m  to be t itra te d .
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The standard  agglutination technique involved two fold d ilu ­
tions of the  te s t  se ru m  in 1 .5  M phosphate buffered  sa line  (PBS) at 
a pH of 7. 4 (167). Each 1. 0 m l dilu tion tube rece iv ed  one drop 
(0. 033 m l) fro m  a standard  b a c te r ia l suspension , p rep a red  by 
inoculating 10, 0 m l P P  bro th  w ith 1. 0 m l of an overnight cu ltu re  of 
c e lls , incubating 3 hours a t 37 C, w ashing and re  suspending in 1. 0 
m l PBS. P o s itiv e  agglutination w as ind icated  by d e c rea se d  opalescence 
of the liquid and fo rm ation  of a p e lle t w ith edges cu rling  away fro m  
the g la ss . Gentle ag itation  re su lte d  in  the appearance  of la rg e  a g g re ­
gates in  positive  rea c tio n s , and un ifo rm  sw irls  in  both negative and 
con tro l tubes.
In addition to the te s t  tube m ethod, slide  agglutination w as 
a lso  em ployed. One drop each of a n tis e ra , o r a  dilution of a n tise ra , 
and whole ce ll antigen suspended in  PBS w ere  com bined on a m ic ro ­
scope slide  and ag ita ted . N egative co n tro ls  using  preim m une se ru m  
w ere  ad jacen t to  each  te s t  s ite . A gglutination w as de te rm ined  both 
m ac ro sco p ica lly  and under a B ausch and Lom b d issec ting  m icro scope  
(3x m ag).
H yperim m une s e ra  to  whole b a c te r ia l  c e lls  w ere  u sed  in 
p re c ip itin  reac tio n s  w ith so lub ilized  som atic  antigens of s trep to co cc i. 
Two m ethods fo r antigen ex trac tio n  w ere  applied  ; i. e . , the hot fo rm a - 
m ide ex trac tio n  of F u lle r  (168), and the hydroch lo ric  acid  p ro ced u re  
of L ancefield , e t a l, (169). Using F u l le r 's  p ro toco l, la te  logarith m ic
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grow th phase  b a c te r ia l cu ltu res  in  10 m l P P  b ro th  w ere  standard ized  
tu rb id im e tr ic a lly , w ashed and suspended in  0. 2 m l form am ide. The 
tubes w e re  then  p laced  in  a. 170 C o il bath and gently ag ita ted  fo r 
15 m in u tes . Once the d isso lved  c e lls  cooled, 0. 5 m l ac id -a lcoho l 
(95 p a r ts  abso lu te  alcohol p lus 5 p a r ts  2 M HCl) was added and the 
re su ltin g  p re c ip ita te  rem oved by sed im enta tion . Acetone (1 .0  m l) 
added to  th is  supernatan t fluid p rec ip ita te d  the  group ca rbohyd ra te , 
a s  w ell as s e v e ra l p ro te in  and te icho ic  acid  antigens. Following 
cen trifuga tion , th is  p rec ip ita te  w as d isso lved  in  PBS, and ad justed  
to a pH of 7. 0.
H ydroch lo ric  acid e x tra c ts  contained p r im a rily  M p ro te in , 
a s  w ell as the group carbohydrate  and o th e r an tigens, to give a com ­
p lex  antigenic m o sa ic . The p ro ced u re  w as in itia ted  by concentrating  
250 m l s tan d ard ized  b a c te r ia l c u ltu re s  to 5 m l in physio log ical saline 
containing 1/20 N HCL (final pH 2. 0). The tubes w ere  cooled a fte r  
10 m inu tes of im m ers io n  in  a boiling w a te r bath, and cen trifuged . 
Once the  c le a r  supernatan t flu id  w as n eu tra lized  with Na^CO^
(1 .0  M), i t  w as read y  fo r u se  in im m unological reac tio n s.
In itia l a ssay s  of a ll  a n tis e ra  fo r  p rec ip ita tin g  antibody em ­
ployed the  single d irec tion  diffusion te s t  developed by Gudin (170). 
E qual volum es of s e ra  and 2 .0  p e rc e n t Noble agar w ere  m ixed in  
D urham  tu b es . Soluble antigen w as then  applied  to the so lid ified
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m ix tu re  and incubated fo r 48 hou rs a t 37 C. The tubes w ere  exam ined 
fo r p re c ip ita te  with an in d ire c t diffused light sou rce.
A soluble im m unodiffusion a ssa y  fo r se ru m  p rec ip itin s  followed 
the  p ro to co l of O uchterlony (171). Noble ag a r (1. 0 % in  PBS) was 
un ifo rm ly  applied (1. 8 m l) to the  su rface  of c lean  g lass m icroscope 
s lid e s . W ells w ere  cut in the  so lid ified  agar and c o re s  rem oved by 
suction . The standard  configuration  of these  holes w as 3 m m  d ia ­
m e te r  in  the  c en te r, su rrounded  by six  openings w ith  2 m m  d iam ete rs . 
A n tise ra  diffused fro m  the cen te r w ell tow ard the p e rip h e ra l, antigen- 
containing w ells.
C oncentrations of specific  p rec ip itin s  in  a n tise ra  w ere  
a sc e r ta in e d  by a quan tita tive  p rec ip itin  technique designed by 
M cC arty  and L ancefield  (172). Solubilized som atic  antigen p r e ­
p a ra tio n s  (0. 4 m l) w ere  com bined with equal volum es of group A o r 
A -varian t (group V) specific  a n tise ra , incubated fo r one h o u r, and 
m ain tained  a t 4 C fo r 48 h o u rs . The p rec ip ita te  w as sedim ented, 
w ashed  th re e  tim es in  cold sa line , and red isso lv ed  in 0. 4 m l 
NaOH (0. 1 M). A bsorbancy a t 287 nm was de te rm ined  in a G ilford 
spectropho tom eter. This m ethod was re s tr ic te d  to quantitative 
a ssa y s  of antibody reac tio n s  w ith  carbohydrate , and since the 
abso rp tion  of th is p o ly saccharide  at 287 nm w as neglig ible, no 
c o rre c tio n  fo r antigen abso rp tion  was req u ired .
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Im m unoelec trophoresis was u tilized  for reso lv ing  individual 
p rec ip itin  reac tions in com plex m ix u re s , and fo r determ ining  r e la ­
tive e lec tro p h o re tic  m ob ilities of ce rta in  antigens. The p rocedure  
was c a r r ie d  out e ssen tia lly  according to the m ic ro  m ethod of 
Scheidegger (173), u tiliz ing  the  LKB im m unoelectrophoresis a p p a ra ­
tu s. Antigen concentra tions w ere  adjusted  to a dilution conducive to 
optim al p rec ip ita tio n . M icroscope slides w ere  coated with 1. 0 p e r ­
cent Noble a g a r  in Gelm an buffer (pH 8. 0) and w ere  e lec tropho resed  
in the sam e buffer for 50 m inutes a t 250 volts fo r IB slides.
H yperim m une rabb it a n tis e ra  w ere  a lso  p rep a red  against 
cu ltu re  f i ltra te s  of six  s trep to co cca l s tra in s . S tra in s  K56,
K56(H 44S9A), K56(2172), T25^, T25^(T12gl), and NY5 type 10 
w ere  incubated a t 37 C in 500 m l THD fo r 24 h o u rs . Growth k inetics 
w ere  followed tu r  b id im etric  a lly  on a K lett c o lo rim e te r  (660 filte r)  
to in su re  th a t a ll  cu ltu res  w ere  in s ta tio n ary  phases of growth. 
Sedim entation of ce lls  w as followed by filte rin g  the  supernatant 
fluids through M illipore  m em branes. T hese f i lt ra te s  w ere  p laced  
in  d ia ly sis  tubing (1. 8 in. ) and concen tra ted  to 5. 0 m l volum es.
This w as accom plished  by covering the filled  d ia ly sis  tubes w ith 
polyethylene glycol (MW 20,000) in  se p a ra te  ca th e te r tra y s , w here  
they  w ere  m ain tained  a t 4C for 30 h o u rs . The concen tra tes w ere  
carefu lly  tra n s fe re d  to  sm a lle r  d ia ly sis  tubes (0. 38 in. ) by 
puncturing the  m em brane w ith a 20 gauge needle and w ithdrawing the
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liquid in  a sy ringe . T hese sam ples w ere  ex tensively  dialyzed in 
physio logical sa line  to e lim inate  a ll d ia lysab le  com ponents, and 
subsequently  f ilte re d  through  M illipore  m em branes. P ro te in  
dete rm ina tions using the  m ethod of Low ry (174) provided an index 
of the re la tiv e  efficiency of the concentra tion  p rocedu re  fo r each 
sam ple.
Im m unization of rab b its  w ith th ese  f i ltra te s  w as accom plished  
w ith biweekly in tra m u sc u la r  and in tra p e rito n ea l in jections of 1. 5 m l 
of f i ltra te  em ulsified  in an equal volum e of F re u n d 's  incom plete 
adjuvant (Difco) fo r the f i r s t  th ree  w eeks. The sam e p ro ced u re  was 
em ployed for the  next 21 days of im m unization except the sam ples 
w ere  f i r s t  suspended in 7. 0 p e rcen t polyacry lam ide and po lym erized  
w ith riboflavin  (0.02%) fo r 30 m inutes in the p resen ce  of d irec t 
v isib le  light. Such p rep a ra tio n s  have been rep o rted  to be excellen t 
adjuvants (175). The gel suspensions w ere  then em ulsified  w ith 
equal volum es (3 .0  m l) of F re u n d 's  incom plete  adjuvant. The anim als 
w e re  bled by a r te r ia l  puncture  every  10 days, and p rec ip ita ting  a n ti­
body a ssay s  p e rfo rm ed  by sing le  d irec tio n  im m unodiffusion (Ouidan 
m ethod). Serum  t i te r s  w ere  subsequently  determ ined  by tube dilution 
of antigen in constan t se ru m  concen tra tions.
A n tise ra  again st phages H4489A, 2172, and T12 w ere  p r e ­
p a re d  by seven consecutive daily  in jections into the e a r  vein of 
rab b its , followed by the sam e p ro ced u re  one week la te r .  The phages
6 6
w ere  p rep a red  by sed im entation  in the u ltracen trifu g e  (101 , 962 x  g,
90 m in) and resu sp en sio n  in 1/10 the o rig ina l volum e of PBS. Daily
9 8 9in jections contained 3. 3 x  10 , 9. 6 x 10 , and 5. 4 x  10 P F U  of
H4489A, 2172 and T12 resp ec tiv e ly . The an im als w ere  b led  28
days fro m  the f i r s t  in jection .
P h ag e-H o st R elationships
S tability  of the P hage-H ost Com plex
To de te rm ine  w hether the phage-host com plexes w ere  
lysogenic or pseudolysogenic, the stab ility  of the re la tio n sh ip s 
e stab lish ed  by tem p era te  phages H4489A, 2172 and T12 w ith the 
correspond ing  s trep to co cc i w as exam ined. One m l of an overnight 
cu ltu re  of K56(H4489A), K56(2172) o r T25^(T12gl) was inoculated  
into 9. 0 m l of P P  b ro th  containing 10 p e rc en t n eu tra liz in g  a n tise ra  
specific  fo r the co rrespond ing  bacteriophage, and incubated  at 
37 C fo r 10 days. D aily sam ples w ere  rem oved and sonified  in a  
B ronson Sonifier m odel W-140 (15 sec , setting  4) to  reduce  b a c te r ia l 
chain length. D ilutions of the  sonified p rep a ra tio n s  w ere  sp read  on 
TH agar to obtain iso la ted  co lon ies. The p re sen c e  of phage was 
a sce rta in ed  by individually  suspending 200 colonies in  0. 3 m l P P  
b ro th  and applying one drop to  the su rface  of STH ag ar seeded  w ith 
a lawn of e ith e r K56 o r  T25^. Phage p ro d u ce rs  ly sed  the background 
b a c te r ia  im m edia te ly  surrounding  the colony, w hereas p h ag e-free
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colonies w e re  undetectab le . Ten consecutive daily  sam ples w ere  
te s ted .
Phage Induced E ffects on Surface D eterm inants
A ntigenic an a ly sis  of b a c te r ia l su rface  de te rm inan ts  involved 
im m unoabsorption  of each  a n tise ra  w ith in tac t lysogens and c o r r e s ­
ponding non-lysogens. A bsorbing doses w ere  standard ized  by equat­
ing d ry  w eight w ith th e  tu rb id ity  of the b a c te r ia l cu ltu re . D ry w eight 
d e te rm ina tions w ere  accom plished  by filte rin g  sam ples of b a c te r ia l  
c u ltu res  of known tu rb id ity  through thoroughly d ried , p rew ashed  m em ­
b ran e s . The m em branes w ere  subsequently  w ashed w ith physio log ical 
sa line  and dryed  fo r  th re e  days in a d e s ica to r oven a t 120 C. A sa line  
co n tro l and an u n trea te d  m em brane  w ere  included to  a sc e r ta in  the 
w eight of the  sodium  ch lo ride  and any fluctuations in  the w eights of 
the m em b ran es th em se lv es .
O rgan ism s u sed  for im m unoabsorption  w ere  p re p a re d  by 
inoculating 9. 0 m l P P  b ro th  w ith  1. 0 m l fro m  an overnight b a c te r ia l 
cu ltu re . Grow th k in e tic s  of th ese  s tra in s  w ere  followed tu rb id im e tr i-  
ca lly  on a K le tt c o lo rim e te r  (660 f i lte r ) , and ce lls  w ere  h a rv ested  
in  la te  logarithm ic  grow th s ta g es , s im ila r  to the c e ll suspensions 
u sed  fo r im m unization.
P re lim in a ry  im m unoabsorption  involved sa tu ra tio n  a b so rp ­
tion  of each se ru m  w ith 1000 jug of the  lysogen and corresponding
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p h ag e-free  s tra in . A bsorbing suspensions w ere  w ashed, r e  suspended 
in  3 .0  m l PBS, and added to  equal volum es of a n tise ra . Following 
one hour incubation a t 37 C w ith period ic  ag itation , the tubes w ere  
p laced  a t 4 C and m ain tained  fo r 18 hours. The ce lls  and absorbed  
antibody w ere  then sed im ented , and the re s id u a l agglutinating t i te r  
of each  se ru m  d e te rm ined  aga in st the hetero logous and homologous 
s tra in s ;  tha t i s ,  using  the  lysogens and nonlysogens as in d ica to rs .
A n tise ra  aga in st K56 and corresponding  lysogens w ere  
ab so rbed  th re e  consecutive tim es using the  p rev io u sly  d esc rib ed  
p ro ce d u re . To fac ilita te  rem oval of re s id u a l antibody fro m  th ese  
s e ra , hyd roch lo ric  ac id  (HCl) w as used  to  in c re a se  the  antigenicity  
of the  absorb ing  suspensions (176). The p ro to co l called  fo r HCl 
(5. 0 N) to be added to  w ashed, packed c e lls  (cell volum e: acid  
volum e, 1:3), he ld  10 m inu tes in  a boiling w a te r bath , and cooled to 
room  te m p e ra tu re  (RT). A fter a final pH ad justm en t to  7. 3 w ith
1 .0  N NaOH, the  c e lls  w e re  sedim ented, resu spended  in 3 .0  m l PBS, 
and u sed  a s  im m unoabsorban ts as p rev iously  described . O vernight 
incubation in  th e  p ro te in a se s ,try p sin  (1. 0 m g /m l) and pepsin  
(1. 0 m g /m l) in  PB S,w as ano ther method em ployed to in c re a se  
abso rbancy  of th ese  b a c te r ia l  s tra in s .
Q uantitative im m unoabsorption involved the sam e m ethods, 
but 2 . 0 m l aliquots of each  se ru m  w ere  m ixed w ith concen tra tions 
of he tero logous and hom ologous absorbing s tra in s  vary ing  fro m  150
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to 1200 jüg/m l. The res id u a l antibody t i te r s  w ere  determ ined  by 
agglutination of the lysogenic and p h ag e-free  s tra in s . Q uantitative 
im m unoabsorption was perfo rm ed  with T25^ and T25^(T12gl) 
only.
Solubilized antigens of each s tra in  ex trac ted  by hot fo rm a- 
m ide o r HCl w ere  employed in  double im m unodiffusion assays using 
the m ethod of O uchterlony (171). Each antigen p rep a ra tio n  was te s te d  
w ith both lysogen and nonlysogen a n tise ra . Undiluted a n tise ra  w ere  
placed  in  the  cen te r w ell, w hereas the antigen occupied the sm a lle r  
p e r ip h e ra l w ells .
The effects of various agents on agglutingation of T25^
(T12gl) by re s id u a l antibody in  he tero logously  absorbed T25^(T12gl) 
an tise ru m  w ere  exam ined. S tandard ind ica to r suspensions of th is  
lysogen w ere  exposed fo r 18 hours in PBS to 1. 0 m g /m l of the 
p ro teo ly tic  enzym es pepsin  and try p s in , a t pH 's of 7. 0 and 2. 0 a t 
37 C. C ontro ls on enzyme activ ity  consisted  of incubating 1.0 m g /m l 
hum an se ru m  album in (HSA) with and w ithout th ese  p ro te in ases  a t 
37 C. Sam ples w ere  rem oved every  hour and p rec ip ita ted  with an 
equal volum e of cold 14 p ercen t tr ic h lo ro a ce tic  acid (TCA). Follow ­
ing centrifugation  (6450 x g, 20 m in) absorbancy of the su p e r­
natan t flu id  a t 280 nm was determ ined  spectropho tom etrically . 
E xposure of T25g(T12gl) suspensions to  10 p e rcen t TCA (pH 1. 1) to 
de te rm ine  if  antigenic a lte ra tio n s could be produced by p ro tein
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p rec ip ita tio n  was accom panied by exposure to HCl (pH 1.1) under 
s im ila r  conditions. The final two agents u tilized  w ere  10 p e rcen t 
sodium  dodecyl su lfate  (SDS) and 10 p e rcen t ch loroform . Both 
w ere  incubated w ith the lysogen suspension fo r 18 hours at 37 C.
A ll chem ically  tre a te d  p rep a ra tio n s  of T25^(T12gl) w ere  u sed  as 
ind ica to rs  of agglutination in he te roabso rbed  an tise ra .
Group carbohydrates of lysogens and nonlysogens w ere 
com pared  by f i r s t  determ in ing  the agglutinating t i te r s  of various 
L ancefield  g roup-specific  a n tise ra  using T25^ and T35^(T12gl) as 
in d ica to rs . The s e ra  u tilized  w ere  specific for group A (obtained 
fro m  BEL and W .R . M axted) and group A -v a rian t (E. M. Ayoub)
(group V) carbohydrates (C substance). Each an tise ru m  was also em ­
ployed in double im m unodiffusion p rec ip itin  te s ts  w ith solubilized s u r ­
face antigens. The quantitative p rec ip itin  m ethod p rev iously  d escrib ed  
w as u sed  to  a sc e r ta in  concentra tion  d ifferences of various group 
carbohydrates in  the fo rm am ide e x tra c ts  of s tra in s  T25^ and 
T25^(T12gl). T otal carbohydrate  in the form am ide e x tra c ts  w ere  
de te rm ined  using a m odified m ethod of D ische, et a l. (177, 178).
The m echanism  of th is  antigenic conversion  sy stem  was 
p a rtia lly  c h a rac te rize d  by agglutination of m odified s tra in s  in 
absorbed  a n tise ra  under various conditions.
A. The ro le  of bacteriophage adsorp tion  to su rface  rec ep to r  
m olecu les in a lte rin g  the antigenic specificity  was
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9exam ined by tre a tm e n t of a ll  re s id u a l s e ra  w ith 2 . 0x 10 
PFU  of phage T12 fo r 18 hou rs at 37 C. The capacity  
of th is phage concentra tion  to n eu tra lize  phage-specific  
antibody w as de te rm ined  by incubating a  s im ila r  concen­
tra tio n  of T 12 w ith  10 p e rcen t antiphage se ru m  fo r 18 
hours a t 37 C, and the  re s id u a l phage neu tra liz ing  
po ten tia l of th is  se ru m  determ ined . The p rocedu re  was 
repea ted  u n til the neu tra liz ing  activ ity  in  the con tro l 
se ru m  w as exhausted.
B. B a c te ria l ind ica to r suspensions w ere  p reincubated  in 
hya lu r onidas e (0. 1 m g /m l) to rem ove b a c te ria l capsu les 
p r io r  to  agglutination.
C. S tra in  T25g(T12)B, a lysogen of T25^ and phage T12 
co nstruc ted  in th is  lab o ra to ry , was substitu ted  fo r 
T25g(T12gl) as the agglutinating suspension .
D. A nother T25^ lysogen, containing phage H4489A in stead  
of phage T12, was a lso  substitu ted  fo r T25^(T12gl).
Phage Influence on E x tra c e llu la r  and In tra c e llu la r  P ro d u c ts
D ifferen tia l ana ly sis  of soluble constituen ts produced by 
lysogens and nonlysogens of group A s trep to co cc i w as focused p r i ­
m arily  on the production of ery throgenic  toxin, which is  rep o rted ly  
asso c ia ted  w ith bacteriophage infection (149). Developm ent of a
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re liab le  toxin a ssa y  in itia lly  exploited  the ery them atous response  
of an im als to in tra d e rm a l in jections of s c a r la tin a l exotoxin (179).
The shaved backs of guinea pigs and rabb its  (3 to 6 m onths of age) 
w ere  used  as in d ica to rs  of e ry them a. A skin resp o n se  was con­
sid ered  positive  if zones of e ry them a had a d iam ete r of 10 m m  or 
g re a te r  w ithin 48 hours a fte r  a 0. 1 m l infection. R abbits w ere  
e ith e r p rev iously  sen sitiz ed  to e x tra c e llu la r  p roducts of T25g(T12gl) 
o r to p a rtia lly  p u rified  s trep to co cca l exotoxin (sca rla tin a l). Un­
sen sitized  rab b its  w ere  used , as w ell. Sensitization  req u ired  two 
in jections of the antigen em ulsified  in  com plete F re u n d 's  adjuvant 
into the  foot pads. The 3. 0 m l in jec tions w ere  7 days a p a rt, and 
14 days w ere  allow ed fo r  the developm ent of hy p ersen sitiv ity .
An in  v itro  a ssa y  fo r e ry th rogen ic  toxin using  se ro lo g ica l 
p rec ip itin  reac tio n s w as developed, adopting a  s tandard  type A toxin 
p rep a ra tio n  provided by D r. Dennis W atson, U n iversity  of 
M innesota, to u se  w ith a n tise ru m  ag ain st NY5 type 10 cu ltu re  
f i l t ra te s . The a ssa y  depended on lines of iden tity  between the toxin 
p rep a ra tio n  and an unknown antigen  in  double im m unodiffusion r e ­
actions w ith the NY5 type 10 an tise ru m . All w ells w ere  standard ized  
to s im ila r  volum e cap a c itie s , and ag ar su rfaces  w ere  p rep a red  fre sh  
to in su re  against fluctuations due to evaporation . Since the o rig ina l 
toxin p rep a ra tio n  w as contam inated  by a single p ro te in  species, 
app rop ria te  steps w ere  taken  to e lim inate  th is  contam inant fro m  the
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known standard . This en ta iled  diluting the toxin  1:4 in  PBS p r io r  
to its  u se  in  the a ssa y  p ro ced u re . V alidation th a t the p rec ip itin  line  
e lim inated  by dilution re p re se n te d  the contam inant req u ire d  fu rth e r 
dete rm ina tion  s :
1) P o ly acry lam id e  gel e lec tro p h o reses  w as u sed  fo r 
re so lu tio n  of the o rig ina l toxin p rep a ra tio n  and broken 
ce ll e x tra c ts  of NY5 type 10. T hese e x tra c ts  w ere  p r e ­
p a re d  by w ashing 50 m l of a s ta tio n a ry  grow th phase 
b a c te r ia l cu ltu re  and suspending in 10 m l PBS. The 
ce lls  w ere  then  broken by ag itation  fo r  3 m inutes in a 
B ronw ill c e ll d is in te g ra to r using 10 g of g lass beads
(0. 25 m m  d iam ete r). H eat dénatu ration  w as avoided 
by c ircu la tin g  gas fro m  a CO^ tank  through the  cham ber 
and im m ers in g  the  bottle  containing the  b a c te r ia  in  a 
d ry  ice -ac e to n e  bath a t 60 second in te rv a ls . The p a r t ic u ­
la te  m a te r ia l  was rem oved by cen trifuga tion  fo r 30 
m inu tes a t 6450 x g.
2) Im m unoelec tropho resis  of undiluted and d ilu ted toxin, 
as w ell as the  concen tra ted  NY5 type 10 f i ltra te s  
em ployed a n tise ru m  p re p a re d  against the  la t te r  
m entioned f i l t ra te s .
The in  v itro  toxin a s sa y  w as a lso  usefu l as a quan tita tive  technique 
by using  2 -fold d ilu tions of the  sam ple to be analyzed.
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The p resen ce  of ery throgenic  toxin in concen tra ted  cu ltu re  
f i l t r a te s  and broken ce ll ex trac ts  of six  s tra in s  [K56, K56(H4489A), 
K56(2172), T25^, T25^(T l2gl), and NY5 type 10] w as determ ined  by 
skin te s ts  and double im m unodiffusion. N eu tra liza tion  of the 
e ry them atous response  was attem pted  by combining e ither toxin, 
f i l t r a te s ,  o r broken ce ll ex tra c ts  with equal volum es of a n tise ra  
against f i l t r a te s  of T25 (T12gl) o r T25 . The m ix u res w ere  
incubated fo r one hour a t 37C p r io r  to in tra d e rm a l infections in 
u n sen sitiz ed  rab b its , as w ell as an im als sen sitized  to toxin A and 
T25g(T12gl) cu ltu re  f i ltra te s . No tox in -spec ific  a n tise ra  was 
availab le.
F u r th e r  toxin determ inations using the in  v itro  m ethod 
exam ined unconcentra ted  cu ltu re  f i lt ra te s  of T25^ and T25^(T12gl), 
T25g(T12)B, and T25^(H4489A). In addition, the  p resen ce  of toxin 
in  various c e ll- f re e  phage ly sa tes was exam ined following p ropaga­
tion  of phages T12, T12cp^ and A25 on T25g using both the standard  
p ropagation  p rocedu re  and a m odification calling fo r  inoculation of
1 . 0 m l high tite re d  phage p rep a ra tio n s  into T25^ cu ltu res  in m id- 
logarithm ic  stages of growth, and subsequent incubation a t 37C fo r 
16 h o u rs .
K ine tics of toxin production at 37 C w ere  de te rm ined  by 
inoculating 15 m l P P  b ro th  w ith 1. 0 m l from  an overn ight cu lture 
of e ith e r T25^, T25^(T12gl), o r T25^(T12)B. Sam ples w ere  .
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period ica lly  rem oved and filte red , and concentrations of toxin
de term ined  by the  quantitative double im m unodiffusion m ethod. A
s im ila r  p ro ced u re  was employed fo r the k inetics of toxin production
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in actively  growing T25^ cu ltu res  infected w ith 1 . 2 x 1 0  PFU  and 
5 .1  X  10^ PF U  of phages T12 and T12cp^*
P o lyacry lam ide  gel e lec tro p h o res is  (PAGE), double 
im m unodiffusion, and im m unoelectrophoresis w ere  employed for 
com parative  analysis of each honlysogenic s tra in  and the co rre sp o n d ­
ing lysogenic com plexes. The standard  Canalco m ethod w as u sed  in 
the PAGE stu d ies . Sam ples w ere  concen tra ted  cu ltu re  f i l tr a te s , 
broken c e ll e x tra c ts , and phage p rep a ra tio n s  of H4489A, 2172 and 
T12 th a t had  been p rev iously  sedim ented by u ltracen trifuga tion  
(101,962 X g, 90 min) and re  suspended in  d is tilled  w ater. Sam ples 
(300>xl) containing 1. 3 p e rcen t su c ro se  w ere  applied d irec tly  to  the 
su rface  of the  stacking gel. Running tim e was 75 m inutes a t 5 
m illia m p e re s /g e l. The gels w ere  fixed in 5. 0 p ercen t TCA, sta ined  
w ith 0. 6 p e rc e n t amido schw artz , and de sta ined  in  7. 0 p e rcen t ace tic  
acid. A ll desta ined  gels w ere  optically  scanned in a G ilford 
spectropho tom eter a t 570 nm, using a scanning attachm ent. Im m un- 
e le c tro p h o res is  of concentra ted  f i lt ra te s  of each lysogen o r non­
lysogen w ere  ru n  in duplicate w ith both homologous and hetero logous 
a n tise ra .
76
A m ethod fo r iso lating  antigens unique to e ith e r lysogens or 
nonlysogens was a ttem pted  w ith an affin ity  im m unoabsorption  te c h ­
nique. A com plex m ix tu re  of soluble antigens (concentrated  cu ltu re  
f i ltra te s )  w as p assed  through a so lid  phase coupled to purified  
gam m a globulin, which should th eo re tic a lly  re ta in  only those  m o le ­
cu les com plem entary  to  the affixed antibody. A n tise ra  (10 m l) was 
p rec ip ita te d  in 50 p e rc en t sa tu ra ted  am m onium  sulfate  and r e ­
suspended in 0. 01 M po tasium  phosphate buffer (pH 8 . 0). This 
p ro ced u re  was repea ted  and the re  suspended p rec ip ita te  dialyzed for 
72 hou rs in 3000 m l 0. 01 M po tasium  phosphate buffer (pH 8. 0). The 
sam ple w as then applied  to a DEAE cellu lose  colum n (G52) and 
elu ted  w ith a lin e a r  ionic g rad ien t (0. 01 M to 0. 30 M phosphate 
buffer, pH 8 . 0) (180). The frac tio n s  w ere  m onito red  fo r absorbancy  
a t 280 nm . Pooled  frac tio n s  w ere  concen tra ted  by a collo idin  bag 
ap p ara tu s  (Schleicher and Schuell) under negative p re s s u re . Sam ples 
containing p ro te in  from  the f i r s t  two peaks w ere  exam ined fo r a n ti­
body activ ity  against the co rrespond ing  antigens by double im m uno­
diffusion in a g a r.
The p u rified  active  antibody w as then coupled to  cellu lose  
f i l te r  pads (12 m m , Sch leicher and Schuell) p rev iously  activa ted  
w ith cyanogen brom ide as d esc rib ed  by C aska, e t a l. (181), and 
thoroughly  w ashed. Homologous and hetero logous cu ltu re  f i ltra te s  
w ere  absorbed  by passing  sam ples of vary ing  volum es through the
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antibody containing f i l te r  pads in M illipore  filte rin g  housings. An 
a lte rn a te  m ethod of antigen absorp tion  involved placing sm all p ieces 
of the im m unologically  active  f i lte r  pads in  various s ize  volum es of 
cu ltu re  f i l t r a te s  and agitating  fo r 18 h o u rs . The p re sen c e  of 
antigens in  each  sam ple w as then de term ined  se ro log ica lly  by diffusion 
against hyperim m une se ru m .
T ransduction
T ransduction  of b a c te r ia l m a rk e rs  was accom plished  by
S tu a rt and F e r r e t t i 's  m odification of M alke 's p ro ced u re  (128). T ra n s -
1-2ducing ly sa te s  (1 .5  m l) p re p a re d  by A25ts p ropagation  on donor 
b a c te r ia , w ere  ir ra d ia te d  fo r 60 seconds w ith u ltra v io le t light a t a 
d istance  of 24 cm . The ly sa te s  w ere  then  com bined in 0. 3 m l 
volum es w ith  equal am ounts of rec ip ien t b a c te r ia  in  the s ta tio n ary  
p h ases of grow th, and incubated fo r 20 m inutes a t 37 C to allow 
phage adso rp tion  to  occu r. A sam ple of the incubated p rep a ra tio n  
(0. 1 m l) w as thoroughly  m ixed w ith 3. 0 m l se ru m  soft a g a r (SSA) 
and evenly poured  onto the  su rface  of STH a g ar. The p e tr i  d ishes 
w ere  incubated fo r 2 ho u rs  a t 37C before  receiv ing  an additional 
3 .0  m l of SSA containing the  p ro p e r concen tra tion  of the ap p ro p ria te  
an tib io tic . T ransduc tan ts w ere  sc o red  following 18 ho u rs  incuba­
tion  a t 37 C.
The pu rpose  of these  fransductional stud ies w as to  a sc e r ta in  
the  effects of lysogeny on both donor and rec ip ie n t efficiency. Donors
78
in the f i r s t  experim en tal p ro ced u re  w ere  the four 9440 m utants
re s is ta n t  to the an tib io tics lis te d  in T able 1. Wild type K56,
K56(H4489A) and K56(2172) se rv ed  as rec ip ie n ts . A ntibiotic
re s is ta n t  tran sd u c tan ts  g en era ted  in  th is  experim ent w ere  iso la ted ,
the s tab ility  of the acqu ired  m a rk e r  confirm ed  by th ree  subcu ltu res
on ag ar containing le th a l concen tra tions of the an tib io tic , and
em ployed as donors of tran sd u c tio n  in  lieu  of the 9440 s tra in s .
T h is p ro ced u re  w as s im ila r  to  the p rev ious p ro toco l, d iffering
1 -2only in the  o rig in s of tiie A25ts ly sa te s  em ployed as m ed ia to rs  of 
the  genetic exchange.
CHAPTER IV
RESULTS
C ultivation of B ac te ria  in  Synthetic M edia 
A ll s tra in s  of S. pyogenes em ployed in th is study w ere  grown 
in P P  bro th , TH bro th , and S tock 's d ia lysa te  m edium . A ttem pts to 
cu ltivate  b a c te r ia  in  various synthetic  m edia, how ever, w ere  le s s  
su ccessfu l (Table 7). W hereas the  in itia l cu ltu res  in synthetic m edia 
showed m o d era te  grow th of s tra in  K56 a fte r  48 hours incubation, 
fu r th e r  subcu ltu res w ere  su ccess iv e ly  reduced  in tu rb id ity  un til com ­
p le te  absence of de tectab le  grow th o ccu rred  a fte r the second o r th ird  
t r a n s fe r s .  S im ila r re s u lts  w ere  obtained using s tra in s  9440s t r -10, 
K56(H4489A) and K56(2172). It w as believed that the e a rly  grow th 
w as due to n u tritio n a l supplem entation from  the 10. 0 p e rcen t 
inoculum  (a P P  b ro th  cu ltu re), and tha t perhaps a s tra in  could be 
adapted to  grow th in  defined m edia  by adding decreasing  am ounts of 
P P  b ro th  w ith each  daily  t r a n s fe r ,  un til growth o c cu rred  in  unsupple­
m ented  synthetic  m ed ia . C u ltu res fa iled  repeated ly , how ever, 
once concen tra tions of P P  b ro th  dropped below 0. 001 p e rcen t. In 
addition, n e ith e r in c re as in g  the inoculum  size  for each tra n s fe r  nor
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TABLE 7
TURBIDITY OF A K56 CULTURE IN SYNTHETIC MEDIA 
A FTE R  48 HOURS AT 37 C USING A 10 PERCEN T
INOCULUM
N um ber of 
S ub-C u ltu res A B C D
1 64 52 49 45
2 17 8 11 10
3 2 - - -
4 - - - -
5 - - - -
00o
M edium
A = M ickelson  (136)
B = L eo n ard , e t a l (157)
C = Lawton (158)
D = H enderson , e t a l (156)
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incubating in  the  reduced  oxygen ten s io n  of a  candle ja r  would s tim u la te  
adequate grow th of these  group A s tra in s  in synthetic m edia.
Iso la tion  and P ropagation  of B acteriophages 
A ll b a c te r ia l  s tra in s  exam ined w ere  found to produce v iru se s  
ly tic  fo r a t le a s t  one of the com panion s trep to co cca l s tra in s  used  in 
th is  study, w ith the  single exception of s tra in  K56. The host range of 
each  bacteriophage , as w ell as the phage se n s itiv itie s  of the b a c te r ia  
a re  i llu s tra te d  in  T able 8 . Although ly s is  by K56 cu ltu re  f i lt ra te s  
could not be d em onstra ted , s im ila r  p re p a ra tio n s  of th is o rgan ism  
have been shown by e lec tro n  m ic ro scopy  to contain  phage p a r tic le s  
(R. M. Cole, p e rso n a l com m unication). Since hyalu ron idase  is  known 
to  be req u ire d  fo r infection by c e r ta in  phages (e. g . , A25 ly s is  of 
s tra in  K56), th is  enzym e was included to e lim ina te  po ten tial in te r f e r ­
ence fro m  the  b a c te r ia l  capsu les. Its  p re se n c e , how ever, affected  only 
the  ly tic  p a tte rn s  of phages A25, NY5 type 10, T12, and T25^ on s tra in  
K56. In addition , ly s is  of s tra in  T25^ by phages A25 and T12 was 
unaffected by hya lu ron idase , perhaps re flec ting  an absence of 
cap su la r m a te r ia l  fro m  th is  b a c te r ia l s tra in . The sen sitiv ity  of the 
K56 lysogens to  A25 infection in  the  absence  of hyalu ron idase  w as 
p robably  re la te d  to the in c re ased  production  of hyalu ron idase  known to 
occu r following infection  w ith c e r ta in  tem p era te  bacteriophages (139). 
L y sis  re su ltin g  fro m  spotting f i l t ra te s  of s tra in s  T25g, T25g(T12gl)
TABLE 8
LYTIC PATTERNS PRODUCED BY APPLICATION O F "PHAGE" 
PREPARATIONS ON VARIOUS BACTERIAL LAWNS
C e ll-F re e  P hage  P re p a ra tio n s
B a c te r ia l
S tra in
K56 H4489A 2172 A25 T253 T25^(T12gl)»»» NY5 type 10
Hy* -Hy** Hy -Hy Hy -Hy Hy -Hy Hy -Hy Hy -Hy Hy -Hy
K56 — - + + + + + - + - + - + -
K56(H4489A) - - - - + + + + - - - - - -
K56(2172) — — + + - - + + - - - - - -
T25g “ + + - - + + - - + + - -
T25^(T12gl) — - + + - - + + - - - - - -
NY5 type 10 - - + + + - - - - - - - -
00N
*Hy contained  0. 40 m g /m l hya lu ron idase  
**-H y no h y a lu ron idase  p re s e n t  
***C ultu re  f i l t r a te s  of T25^(T12gl) a re  c o n s id e re d  to  be p re p a ra tio n s  of phage T12.
+ = ly s is  
- = no ly s is
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and NY5 type 10 on K56 law ns w as unique in  th a t only a  few iso la ted  
plaques developed, w h ereas the  o th er p rep a ra tio n s  in v ariab ly  led  to 
confluent c lea rin g  of the e n tire  a re a  involved.
M a te r ia l obtained w ith a  s te r ile  needle f ro m  the cen te r of 
the iso la ted  T25g(T12gl), o r  NY5 type 10 plaques w as suspended
in 0 .1  m l P P  b ro th  and inoculated  w ith 0 .1  m l of an ac tive ly  growing 
K56 cu ltu re . No p ropagation  o c cu rred  in P P  b ro th  following 6 hour 
incubation a t 37 C. As expected, how ever, the cu ltu re  f i l t r a te  of 
s tra in  T25^(T12gl) containing the  phage T12 p ro life ra te d  m o dera te ly  
on the  in d ic a to r , TZSy  To enhance phage p roduction  by th e se  lysogens, 
the c u ltu re s  w e re  exposed to  u ltra v io le t (UV) ir ra d ia tio n  o r  m itom ycin  
C. T his a ttem p t to induce phage fa iled  to  in c re a se  the num ber of 
plaques de tec tab le  by K56 b a c te r ia l  law ns. The effects of th e se  inducing 
agents on T25^(T12gl), how ever, using s tra in  T25g as the  ind ica to r of 
in fectious c e n te rs  a re  shown in F ig u re  1. Both tre a tm e n ts  in c re a se d  
phage t i t e r s  to  m o re  than  99. 5 p e rc en t of the  u n trea ted  co n tro ls  w ithin 
90 m inu tes of exposu re . The induced bacteriophage w as considered  to  
be phage T 12..
To d e te rm in e  the op tim al conditions fo r phage T12 p ro p ag a ­
tion  on s tr a in  T25^ se v e ra l v a ria tio n s  of the s tan d ard  phage p ropagation  
p ro ced u re  w e re  em ployed. T hese included the u se  of d iffe ren t p ro p ag a ­
tion  m ed ia  a s  w ell a s  various lengths of p ropagation  tim e s . The re s u lts  










FIGURE I -INDUCTION OF AN 
CULTURE OF T 2 5 ^ ( T I 2 g l )
ACTIVELY GROWING
TA BLE 9
TITERS (P F U /m l) OF T12 PHAGE PREPARATIONS PRODUCED 
UNDER VARIOUS CONDITIONS
M edia °C
P R U /m l follow ing H ours of P ro p ag a tio n  T im e
3 4 5 6 7 8 16
24 1 .8  X 10^
P P 6 830 — - - - - 2 .4  X 10 1 .0  X 10
B ro th 37 - 1 .2  X 10^ 3 .6  X 10® 2. 5 X 10^ 1. 2 X 10^ 3 .2  X 10® 6 . 0  X 10^
24
TH (+) 30 - - - - - - 5 .8  X 10^
B ro th 37 - - 3 .0  X 10^ 1 .8  X 10® 1. 8 X 10® 7. 6 X 10^ 3 .3  X 10^
24TH u
30 - - - - - - 9 . 0  X 10
B ro th 7 , 637 — 7 .3  X 10 3. 6 X 10 —
00U1
TH (+) = T odd-H ew itt B ro th  Containing the  Supplem ents in  P P  B ro th  
(-) = < 10^  P F U /m l
8 6
efficiently  in P P  bro th  a t 37 C for six  h o u rs , to a fina l concentration  of
9
2.5x10 PFU  /m l. Incubation tim e was apparen tly  c r i t ic a l ,  since 1.0 
hour m o re  o r le s s  re su lte d  in respec tive  d e c re a se s  of 50 and 70 p e r ­
cent in phage production . Supplem ented TH bro th  supported  le s s  than 
7. 0 p e rcen t of the phage producing capacity  of P P  b ro th , a  value 
fu rth e r  reduced  to 2. 9 p e rcen t by the u se  of unsupplem ented  TH broth. 
S im ila r e ffo rts  to apply these  m odifications to s tim u la te  propagation  of 
phages found in cu ltu re  f i l t r a te s  of T25^ and NY 5 type 10 w ere  unsuc­
cessfu l under a ll  c u ltu ra l conditions d escribed  in Table 9.
The appearance  of T12 plaques on an STH ag ar lawn of T25^ 
w as quite d is tin c t fro m  those  prev iously  d escrib ed  fo r H4489A on s im ila r  
m edia  w ith a K56 lawn (150). W hile both tem p era te  phages showed 
considerab le  s ize  v a ria tio n , only the T12 plaque w as c h a ra c te riz e d  by 
the c la s s ic a l tu rb id  cen te r  d escribed  fo r m ost tem p era te  bacteriophage.
In addition, the  zones of d isso lved  hyaluronic acid  c ap su la r m a te r ia l 
around som e tem p era te  phage plaques (Kjems effect) w as not a fea tu re  
of T12 ly s is  on e ith e r  ind ica to r s tra in  T25^ o r K56. This w as perhaps 
a ttrib u tab le  to an absence  of capsu les fro m  the T25^ c e lls , as  indicated  
by its  b road  sp ec tru m  of phage sensitiv ity  in  the absence of hyaluronidase 
(Table 8), L ysis  of K56 by phage T12 was dependant on an exogenous 
source  of hya lu ron idase , the p resen ce  of th is  enzym e preventing  the 
fo rm ation  of zones. T hree  d is tin c t halos surrounded  the H4489A plaque, 
which w as one m o re  than p rev iously  rep o rted  fo r a K jem s effect (138).
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The notable p ro p e rty  of T12cp^ p laques, the v iru len t m utant of phage 
T12, w as the absence  of the tu rb id  cen te r  fro m  the ly tic  a re a . Phage 
2172 gave r i s e  to plaques of id en tica l m orphology as did phage H4489A, 
but app rox im ate ly  one -half the s ize .
P ro p e r t ie s  of B acteriophages 
The s tab ility  of th ese  v ira l  p rep a ra tio n s  under n o rm al s to rag e  
conditions in  v a rio u s m edia  w as p rev io u s ly  rep o rted  (150). T hese 
experim en ts w e re  repea ted  on phage 2172, u tiliz ing  an in c re a se d  
num ber of d iluen ts (F igure  2). M aintenance in e ith e r PSS o r 
t r i s  buffer re su lte d  in  ex tensive inac tiva tion  (99. 2 and 99. 7 p e rc en t 
resp ec tiv e ly ) by the  six th  day. The phages surv ived  b e tte r  in  TH 
d ia ly sa te  and T2 buffer, eventually  losing  82. 0 and 63. 0 p e rc e n t of 
the o rig in a l v iab ility . The idea l m ed ia  fo r s to rag e  w ere  P P  b ro th  
and TH b ro th , both m aintaining v ir tu a lly  100 p e rcen t of the in itia l 
PF U . S im ila r inactivation  p a tte rn s  w ere  estab lished  fo r  phages 
H4489A and T12. The s to rag e  te m p e ra tu re , how ever, w as -30 C, for 
H4489A, since  a m inim um  of 80 p e rc en t inactivation  o c c u rre d  in  P P  
b ro th  a t 4 C.
The d e le te rio u s  effect of ch lo ro fo rm  on phages H4489A and 
2172 re p o rte d  e a r l ie r  (150) w as equally  d e trim en ta l to phage T12 
p re p a ra tio n s , as shown in F ig u re  3. The rap id  lo ss  of 9 9 .4  p e rc en t 
of the in itia l in fec tiv ity  by the six th  day, and subsequent s tab iliza tio n
P P  BROTH
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FIGURE 3 - T H E  EFFECTS OF 10% CHLOROFORM ON PHAGE T I2
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of the rem ain ing  viable phages, m im icked the inactivation  k inetics of 
H4489A and 2172 on exposure to th is  solvent. Addition of f re sh  
ch lo roform  to the rem ain ing  viable phages a f te r  18 days of exposure 
failed  to d e c rea se  th is  p e rs is ta n t  t i te r .  E xhaustion of the so lven t's  
activ ity  w as th e re fo re  an unlikely  explanation fo r the su rv iva l of the 
rem ain ing  v iru se s .
The na tu re  of ch lo ro fo rm  inactivation  was exam ined by f i r s t  
determ ining  tha t the  phages w ere  equally  stab le  in P P  bro th  containing 
the de te rgen t Tween 80 (10%) as in m edia lacking it. Secondly, phage 
p rep a ra tio n s  w ere  m ain tained  in  P P  b ro th  p re tre a te d  w ith ch loroform  
fo r 18 days (F igure 4). Although a ll t r a c e s  of the so lvent w ere  
th eo re tica lly  rem oved by m ild  heating , the b ro th  w as capable of 
sustain ing  the viable phage w ith an efficiency of only 18 p e rcen t of 
the s im ila r  u n trea ted  diluent. W hereas th is  effect w as not as ex ten­
sive as tha t seen  in the  p re sen c e  of ch lo roform , the sam e p a tte rn  of 
inactivation  w as repeated . It is possib le  tha t re s id u a l ch lo ro fo rm  in 
the P P  b ro th  accounted fo r  th is  phenomenon. An a lte rn a te  explanation, 
how ever, is  th a t the ch lo ro fo rm  destroyed  a com ponent of the P P  
b ro th  th a t w as e sse n tia l fo r the m aintenance of bacteriophage viability . 
F ina lly , " re s is ta n t” phages s t i l l  viable a fte r  8 days of ch lo ro fo rm  
ejqposure w ere  u sed  as the inoculum  for propagation. The re su ltan t 
v ira l  p rep a ra tio n s  followed ch lo rofo rm  inactivation  k ine tics s im ila r 
to the p a re n ta l phages. The rem ain ing  viable phage, th e re fo re .
7.0
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FIGURE4 -PHAGE TI2 STABILITY IN PR BROTH PRETREATED WITH 10%  
CHLOROFORM
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probably  acqu ired  no inheritab le  c h a ra c te r is t ic  that ren d e red  them  
se lec tiv e ly  re s is ta n t  to  ch lo ro fo rm .
Im m unological s im ila r it ie s  in the th re e  tem p era te  phages 
w e re  exam ined by determ in ing  n eu tra liza tio n  of phage v iab ility  by 
hom ologous and hetero logous a n tise ra ; th a t is ,  by antibody specific  
fo r  phages H4489A, 2172, o r T12. T hese re s u l ts ,  shown in 
Table 10, ind ica ted  the phages to be im m unologically  d is tin c t from  
one ano ther, a t le a s t  in so fa r  as ad so rp tio n  specific ity  was con­
cerned . P hages 2172 and T12 showed sligh t inactiva tion  by 
a n tis e ra  specific  fo r  phage H4489A and 2172, resp ec tiv e ly . Since 
the  re c ip ro c a l com binations, i. e . , phage H4489A in 2172 a n tise ru m  
and phage 2172 in  T12 an tise ru m , lead  to no lo ss  of in fectiv ity , th is  
m arg in a l n e u tra liz a tio n  m ust be view ed skep tica lly .
Phage Developm ent 
In one step  grow th ex p erim en ts , low m o i's  w ere  em ployed 
in  o rd e r  to  c ircu m v en t the p rob lem  of m u ltip le  infection of b a c te r ia l 
c e lls . The concen tra tion  of phage in  the la ten t p e rio d  w as th e re fo re  
co n sid ered  to re p re s e n t  the num ber of c e lls  sing ly  in fected  by v iru s . 
T hese re s u lts  a re  i l lu s tra te d  in  F ig u re  5, w hich shows phages H4489A, 
2172 and T12 to  have re sp ec tiv e  m in im al la ten t p e riods of 45, 60, 
and 55 m inu tes and b u rs t s izes  of 27, 39, and 33 P F U /in fec ted  
coccus. The u se  of sonified b a c te r ia l  c u ltu re s  p reven ted  im m edia te
TABLE 10
NEUTRALIZATION OF INFECTIVITY O F PHAGES H4489A, 2172 AND 
T12 BY HETEROLOGOUS AND HOMOLOGOUS ANTISERA
S erum Phage P hage  Input (PFU)
Phage 
R ecovered  (PFU) % N eu tra liza tio n
H4489A 2. 4 X lo ’ 0 100
Anti 2172 2 . 1 X lo ’ 1 .8  X lo " 14
H4489A T12 1. 8 X 10® 1 .8  X 10® 0
P r e  im m une H4489A 2. 4 X 10^ 2 .4  X 10^ 0
'
H4489A 2. 4 X 10? 2. 4 X 10^ 0
A nti 2172 2. 1 X 10? 0
10®
100
2172 T12 1. 8 X 10® 1.7  X 6
P r e  im m une 2172 2. 1 X 10^ 2 .1  X lo " 0
Anti H4489A 1. 8 X 10® 1.8  X 10® 0
2172 2. 1 X 10 2 .1  X 10 0
T12 T12 1. 8 X 10® 0 100
P r e  im m une T12 1 .8  X 10® 1.8  X 10® 0
w
94
hY=PHAGE MIC. TIME T 
R=PHAGE TITER IN LATENT
I
^ 4 4 8 9 A
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rein fection  of ad jacen t cocci, subsequently  elim inating secondary  
b u rs ts .
V ira l in te rfe re n ce  by each of these  th re e  phages w as exam ined 
by co ncu rren t phage developm ent of two phages in the  séime ce ll 
(Table 11). Coinfection of H4489A and T12 in re su lte d  in norm al
propagation  of phage T12 (1.8x10^) a t the expense of H4489A (7.2x10^). 
No dom inance re la tionsh ip  was detectab le  in  K56 cu ltu res coinfected 
w ith phages H4489A and 2172. F in a l concen tra tions of these  two 
phages w ere  42 and 51 p e rc en t of the singly infected  con tro l t i te r s ,  
indicating a m utual sa c rif ic e  to accom m odate propagation of the 
com panion v ira l  s tra in .
P hages H4489A and 2172 w ere  p ropagated  on K56 and K56r i f^  
ho sts  in both the p resen ce  and absence of rifam pic in . Since th is  an ti­
biotic in te rfe re s  w ith DNA-dependant RNA po lym erase , a b e tte r  u n d e r­
standing of th is b a c te r ia l  enzym e's ro le  in phage propagation could 
perhaps be obtained by th is  line of investigation . The re su lts  a re  
shown in  Table 12. Both s tra in s  K56 and K56r i f ^  supported phage 
developm ent effic ien tly  in no rm al P P  broth , producing concentra tions
g
above 10 in a ll in s tan ces . The p re sen c e  of rifam pic in , how ever,
p reven ted  no rm al p ropagation , even on the s tra in  possessing  an RNA
po lym erase  in sensitive  to  inhibition by th is  an tib io tic. This is  indicated
5 4by the  production of 3. 6 x  10 and 3 . 3 x 1 0  viable H4489A and 2172
TA BLE 11
CONCURRENT DEVELOPM ENT O F PHAGES H4489A AND T12 
IN T25g, AND PHAGES H4489A AND 2172 IN K56
Phage T ite r  A* T ite r  B**
%
(A/B X 100)
H4489A 2 .4  X 10® 7. 2 X 10^ 0. 3
T12 1 .8  X 10® 1 .8  X 10® 100
H4489A 2 .4  X 10® 1. 1 X 10® 42
2172 3 .3  X 10® 1.7  X 10® 51
nOo
* T ite r  A = P F U /m l p roduced .in  the  cu ltu re  in fec ted  w ith 
one phage s tra in .
*<'Titer B = P F U /m l p roduced  in  the  c u ltu re  co in fected  by 
two phages.
TABLE 12
E F F E C T  OF RIFAM PICIN ON PROPAGATION OF PHAGES IN
STRAIN K 56rifR
Phage B a c te ria m g /m l r i f Phage T ite r G (m in/gen)
0. 15 3 .6  X 10^ 90
H4489A
K 56rif^ 0 .0 0 3. 3 X 10® 90
0. 15 9 . 0 X 10® 0
K56 0 .0 0 1 .2  X 10® 78
0. 15 3, 3 X lo'^ 90
2172
K 56rif^ 0 . 00 6 .9  X 10® 90
0. 15 2. I X 10® 0
K56 0 . 00 1 .2  X 10® 78
nO-j
G (m in/gen) = genera tion  tim e  of p h a g e -fre e  K56 and K56r if^  c u ltu re s  
in m id -lo g a rith m ic  s tag es  of grow th.
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p e r m l by K56r i f ^  in m ed ia  containing rifam p ic in . The possib ility  
tha t th is  effect w as the re su lt  of a slow er K 56rif^  grow th ra te  was 
e lim ina ted  by following the growth k in e tics  of each ph ag e-free  cu ltu re . 
G enera tion  tim e s  of th is  s tra in  w ere  unaffected  by the  addition of 
rifam p ic in  (1. 5 hour). Some propagation , how ever, did occur on 
K 5 6 rif^  in the  p re sen c e  of the an tib io tic . T his is  ind icated  by the 
in c re a se d  t i t e r s  of 96. 7 and 93.1 p e rc en t over the H4489A and 2172 
concen tra tions found in  the  rifam pic in  inh ib ited  K56 w ild type cu ltu res . 
N e v e rth e le ss , inhibition by the an tib io tic  s t i l l  re ta rd e d  phage p ro d u c­
tion in  K 5 6 rif^  cu ltu re s  by m ore  than 99. 9 p e rc e n t of the sam e 
re s is ta n t  s t ra in  in  the absence of rifam p ic in . It would appear th e re ­
fo re  th a t a phage specific  RNA p o ly m erase  w as e sse n tia l  for no rm al 
phage p ropagation .
The s tab ility  of the K56 and T25g phage-host com plexes w ere  
investiga ted  to  d e te rm in e  w hether they  w ere  lysogenic o r  pseudolyso- 
genic. Incubation of each  lysogenic cu ltu re  in P P  b ro th  containing 
10 p e rc e n t a n tise ru m  specific  fo r the  co rrespond ing  bacteriophage 
p rev en ted  re in fec tion  of any spontaneously  o ccu rrin g  p h ag e-free  
b a c te r ia . To fac ilita te  detection of p h a g e -free  cocc i in  a chain of 
ly sogens, th e  cu ltu re s  w ere  sonified p r io r  to sp read ing  fo r iso la ted  
co lon ies, so th a t each colony form ing u n it (CFU) w as a single cell. 
Follow ing daily  exam inations (for 10 consecutive  days) of 200 
iso la ted  b a c te r ia l  colonies for the p re sen c e  of phage, i t  w as found
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that the 2000 colonies se lec ted  m aintained th e ir  assoc ia tion  w ith phage 
in the p resen ce  of v ira l-sp e c if ic  neu tra liz ing  a n tise ra . It was concluded 
tha t a ll  th ree  p h age-host com plexes w ere  tru ly  lysogenic.
C oncentrating  and Purify ing  B acteriophage 
P re p a ra tio n s
The effic iency  of u ltracen trifuga tion  to concen tra te  and purify  
s trep to co cca l bac te riophages was exam ined using  a sedim entation fo rce  
of 101, 962 X g fo r du ra tions of 30 m inutes to 2 hours (Table 13). M axi­
m um  concen tra tions of v iable  phages w ere  produced by 90 m inutes of cen ­
trifuga tion  fo r a ll  th re e  phages. T his w as a lso  the tim e that led  to 
m inim um  lo ss  of plaque form ing activ ity . R ecovery , how ever, was at 
b est 55 and 72 p e rc e n t of the bacteriophage input fo r H4489A and 2172, 
resp ec tiv e ly . P hage T12, on the o ther hand, appeared  in sensitive  to 
the ex cessiv e  sed im en ta tion  fo rces  em ployed, since  no d e c rea se s  in 
v iab ility  o ccu rred .
The concen tra ted  phage p rep a ra tio n s  produced by 90 m inutes 
sed im entation  a t 101, 962 x g and resuspended  in T2 buffer w ere  
analyzed fo r p u rity  by disc gel e le c tro p h o re se s . F our bands of p ro te in  
w ere  detected  in  th ese  sam ples as ind icated  in Table 14. The dom inant 
com ponents in  th e  p rep a ra tio n s  dem onstra ted  the g re a te s t  e le c tro ­
pho re tic  m o b ilitie s  (R^,0. 30). It seem s like ly  that th ese  p rox im al 
bands re p re se n te d  the phage, or at le a s t  a p h a g e-re la ted  p ro te in .
This conclusion w as reach ed  a fte r com paring th ese  re su lts  w ith
TABLE 13
EFFICIENCY OF PHAGE CONCENTRATION BY ULTRACENTRIFUGAL 
SEDIMENTATION (101,962 x  g) FOR VARIOUS TIMES
P hage Min P F U  (S) PF U  (P) PF U  (0) % R ecovery
30 1. 5 X  10^ 1 .  2  X  1 0 ^ 37
H4489A 60
90
7. 5 X  10^ 
4. 5 X  10®
2. 1 X  10^
3. 7 X 10^
7. 5 X 10^ 39
55
1 2 0 2 .4  X  10® 3. 0 X  10^ 42
30 9 . 9  X  1 0 ® 1. 2 X  10^°
5. 1 X  10^°
6 1
2172 60 7. 5 X  10®
1 X  1 0 ®
2. 6  X  10^^ 
3 .7  X  10^®
65
90 72
1 2 0 7. 8 X 10^ 3 .3  X  10^° 70




1 . 2  X  1 0 ^ °
7 .9  X 10^
1 .  2  X  1 0 ^
3 .0  X  10^0
4. 2 X  10^° 
1 0
4 . 2 x 1 0
4 .2  X  10^° 1 0 0
1 0 0
1 0 0
PF U  (S) to ta l P F U  in  su p e rn a tan t fluid 
P F U  (P) to ta l PF U  in  re  suspended p e lle t 
P F U  (0) to ta l P F U  in o rig in a l p re p a ra tio n
oo
TABLE 14
QUANTITATIVE REPRESENTATION OF BACTERIOPHAGE PREPARATIONS 
CONCENTRATED BY ULTRACENTRIFUGATION AND ANALYZED BY 
POLYACRYLAMIDE GEL ELECTROPHORESIS
H4489A 2172 T12
0 .0 0. 14 0. 14 0 . 10
0. 15 0 .0 4 0 . 20 0 . 02
0. 17 0 .2 0 0 .4 4 0 .4 0
0. 30 2 .9 2. 5 3 .30
A m ounts w e re  d e te rm in ed  g eo m e tric a lly  f ro m  g raph ic  
re p re se n ta tio n s  obtained  by gel scan s using  a  G ilfo rd  l in e a r  
t ra n s p o r t .  E ach  value e x p re s s e s  the  am ount of the  indiv idual 
band as a  fac to r  of th e  av erag e  band quantity  in  th e  re sp ec tiv e
gel, i. e. quantity  of band x______
quantity  of av erag e  band
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s im ila r  e lec tro p h o re tic  de te rm ina tions of ph ag e-free  K56 and T25^ 
broken ce ll e x tra c ts  and cu ltu re  f i l t r a te s , ( re fe r  to T ab les 24 and 
25). T hese p rox im al, densely  sta ined  bands of the phage p rep a ra tio n s  
w ere  d is tin c t fro m  any com ponents in  the ce ll e x tra c ts  of f i l t r a te s , 
w hereas the  th re e  le s s  p rom inen t bands appeared  to  have c o u n te rp a rts  
of s im ila r  values in the  p h a g e -free  sam p les . I t is  a lso  notable that 
the th ree  v iru se s  a re  rem a rk ab ly  s im ila r  in e lec tro p h o re tic  m o b ilitie s , 
if  th ese  bands did in  fac t re p re s e n t the bacteriophages.
T h ree  o ther m ethods of concen tra ting  and purify ing  th ese  
bacteriophages w ere  a ttem pted , but p roved  to be im p ra c tic a l. Con­
cen tra tion  by p e rv ap o ra tiv e  d ia ly s is  in  a Sch leicher and Schuell 
colloidin bag ap p ara tu s  re q u ire d  7 days to affect a  10-fold  reduction  
in  the o rig in a l 20 m l volum e. In addition, th is  m ethod produced  a 
v iscous liquid  containing co n cen tra ted  nondialyzable im p u ritie s  as 
w ell as v iru se s . Buoyant density  cen trifugation  in C sC l (re fra c tiv e  
index I .  5) w as a lso  u n sa tis fac to ry  fo r producing highly  pu rified  
phage co n cen tra te s  (F igure  6). A lthough 90 p e rc en t of the phage 
ac tiv ity  w as located  in 22 p e rc en t of the to ta l volum e, and optical ab ­
so rp tion  p ro file s  ind icated  th ese  frac tio n s  to  be re la tiv e ly  p u re , only 8 . 2 
p e rcen t of the phage input w as reco v ered . Sephadex G200 ch ro m a to ­
graphy of a polyethylene glycol (4000) concen tra ted  H4489A phage 
p rep a ra tio n  w as a ttem pted  to se p a ra te  the v iru se s  fro m  the v iscous 









FIGURE 6 -BUOYANT DENSITY CENTRIFUGATION OF 















FIGURE? -ELUTION PATTERN OF CONCENTRATED 
PHAGE H 4489A  ON SEPHADEX G2 0 0
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w ere  obtained, the  abnorm ally  high absorbancy in  th ese  frac tio n s  
re flec ted  the p re sen c e  of the sam e im purity  as p r io r  to chrom atography. 
The assoc ia tion  of phage w ith the polyethylene glycol p rec ip ita te  was 
th e re fo re  in sep arab le  by th is  m ethod. Of the m ethods a ttem pted , the 
m o st effic ient fo r concen tra ting  and purifying bacteriophage p re p a ra ­
tions w as u ltracen trifu g a tio n  fo r 90 m inutes a t 101, 962 x  g.
K inetics of Phage A dsorption 
Since ev ery  phage conversion  sy stem  d esc rib ed  involving 
a lte re d  b a c te r ia l su rface  de te rm inan ts w as accom panied by lo ss  of 
the correspond ing  phage sensitive  adsorp tion  s ite s , i t  w as decided to 
f i r s t  exam ine the  e ffec ts  of lysogeny on the  ra te  of phage uptake.
F ig u re s  8, 9, and 10 i l lu s tra te  th ese  adsorp tion  k in e tics  to  lysogenic 
and nonly so genic K56 o r  T25^ cu ltu res . These findings ind icate  no 
sign ifican t d e c re a se  in  phage adso rp tion  following infection by any of 
the  th re e  tem p era te  v iru se s . C alculations of adso rp tion  velocity  
constan ts support the  graphic  data , which shows the g re a te s t  varia tion  
to  be the 14 p e rc en t d ifference  in the 2172 system . T h ere fo re , no 
significant d e c rea se  in adso rp tion  of any of the th re e  tem p era te  v iru se s  
w as a sso c ia ted  w ith lysogeny.
S ero log ical M ethods 
E stab lish ing  the  s tandard  agglutination technique fo r  d e te rm in ­
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se v e ra l avenues of approach . In itia l agglutination experim en ts in c o r­
p o ra te d  the in d ica to r b a c te r ia  into the diluent p r io r  to diluting the 
s e ra .  The concen tra tions of c e lls  in  these  w ashed in d ica to r suspen­
sions approxim ated  th o se  of c u ltu re s  in  la te  logarithm ic  grow th stages. 
T his technique, how ever, sufficed only for the K56 s tra in s , TZS^ and 
T25g(T12gl) both auto agglutinating in  con tro l tubes lacking serum .
One a ttem p t to re so lv e  th is  d ifficu lty  involved coupling the b ac te ria  
to  goat ery th rocy tes to  fa c ilita te  in te rp re ta tio n  of the  agglutination 
p a tte rn s . Subsequent a ttem p ts  to  sep a ra te  the blood ce lls  fro m  the 
uncoupled b a c te r ia  by d iffe ren tia l cen trifugation  w ere  fu tile , since 
no cen trifuga l fo rce  w as found to  sed im ent the e ry th ro cy te s  without 
concom itant b a c te r ia l  sed im enta tion . M icroscopic  exam ination 
rev ea led  the p e lle ts  to contain  a t b est 50 p e rc en t f re e  b a c te r ia , 25 
p e rc en t uncoupled goat blood c e lls , and only 25 p e rc en t com plexes 
of e ry th ro cy te s  and s tre p to c o cc i. Using e ith e r velocity  o r  density  
g rad ien ts  in  the  cen trifuga tion  steps failed  to se p a ra te  the  com plexes 
in to  d is c re te  bands, but ra th e r  d is trib u ted  the c e lls  throughout the 
tube . F u r th e r  e ffo rts  to  u tiliz e  blood ce lls  as in d ica to rs  w ere  
abandoned.
The u se  of a  m ic ro ti te r  agglutination technique using  
b a c te r ia l  c e lls  a s  the in d ica to r w as equally unsuccessfu l. Developm ent 
of the p ro p e r  agglutination p a tte rn  w as apparen tly  p reven ted  by the 
inab ility  of the nonagglutinated s trep to co cca l chains to fo rm  d istinc t
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p e lle ts  in  the  bottom  of the w e lls , a s  would single c e lls . The no rm al 
chains w ere  perhaps m im icking agglutinated b ac te ria . M ic ro tite r  
re su lts  using the sedim ented duplexes of e ry th ro cy tes  and s trep tococc i 
as the in d ica to r w ere  equally  am bigous.
The standard  agglutination technique w as developed by adding 
varying concentra tions of ind icato r b a c te ria  to the a n tise ra  following 
dilution. It w as eventually  dete rm ined  tha t concentrating  b a c te ria l 
cu ltu res  in  la te  logarithm ic  grow th s tag es , resuspending in PBS at 
1/20 the o rig in a l volum e, and adding a single drop fro m  a P a s te u r  
p ipette  to each  m l of d ilu ted se ru m  produced highly rep roducib le  
agglutinating p a tte rn s . Autoagglutination in  p reim m une se ru m  o r  in  
con tro l tubes lacking se ru m  was elim inated . T his m ethod, although 
apparen tly  re lia b le , w as occasionally  evaluated by quantitative slide 
agglutination, using  the  sam e in d ica to r p rep a ra tio n  em ployed in the 
tube technique. R esu lts  ra re ly  d iffered  by m o re  than a single 2 -fold 
dilution fac to r. Agglutinating t i t e r s  of a ll  w ho le-cell a n tis e ra  w ere  
standard ized  to 2048.
The capacity  of the a n tise ra  to  k ill  the correspond ing  b a c te ria  
w as exam ined as an a lte rn a tiv e  m ethod fo r determ ining  specific  a n ti­
body concen tra tion . Subsequent findings revealed  the antibody to be 
non-le thal, a s  no d e c re a se  in b a c te r ia l  v iab ility  w as noted following 
incubation in  a n tis e ra  w ith specific  agglutinating t i te r s  of 2048 and in  
p reim m une a n tise ra .
I l l
N eu tra lization  k inetics of each tem p era te  bacteriophage by
specific  an tise ru m  a re  shown in F ig u re s  11, 12, and 13. Each se ru m
diluted 1:10 com pletely  neu tra lized  the in fec tiv ity  of the co rresponding
7phage p rep a ra tio n s  containing an excess of 10 P F U /m l. These k inetic  
cu rv es w ere  u sed  to  determ ine  the am ount of a n tise ra  needed in  e x p e r i­
m en ts requ iring  p reven tion  of phage infection.
E ffects of Lysogeny on Som atic Antigens 
To a sc e r ta in  w hether phage m ediated  a lte ra tio n s  in  su rface  
de te rm inan ts  o ccu rred , the standard ized  a n tis e ra  p rep a red  against 
unbroken strep to co cc i w ere  absorbed  w ith standard ized  doses of 
b a c te ria . The concentra tion  of ^ m u n o a b so rb a n t was determ ined  
using  the  tu rb id ity  vs. d ry  weight cu rves illu s tra te d  in  F ig u res  14 
and 15. R esidual agglutinating t i t e r s  of each  se ru m  following im m uno- 
absorp tion  w ere  a sce rta in ed  using lysogens and nonlysogens as 
in d ica to rs  (Table 15). Nonlysogenic T25g c e lls  failed  to rem ove at 
le a s t  one group of antibodies in  the se ru m  p re p a re d  against 
T25g(T12gl). This is  indicated  by agglutination of the  lysogen by th is  
re s id u a l antibody (titer=512). C onversely , T25^ an tise ru m  also  
appeared  to  contain antibody not rem oved by T25^(T12gl) absorp tion  
(res id u a l t i te r  = 128). The b asa l level of re s id u a l antibody could not 
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FIGURE 12 -NEUTRALIZATION KINETICS OF PHAGE 
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FIGURE 13 -NEUTRALIZATION KINETICS OF PHAGE 
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TABLE 15
TITERS OF RESIDUAL AGGLUTININS IN ANTISERA ABSORBED 
WITH SATURATING DOSES OF HOMOLOGOUS AND 
HETEROLOGOUS WHOLE C ELL ANTIGENS










































A nti T25. T25. + + 2048
TABLE 15 - -C ontinued




A ntigen 4 8 16 32 64 128 256 512 1024
R esidua l
T ite r
A nti T25 
(T lZ g lf - TZSgCriZgl) - + + + + + . + + + 2048
P re im m u n e
S erum
- TZSg 0
- T25^(T12gl) 0 00
+ = reduction  in  tu rb id ity  of suspension , cu rling  of p e lle t  edges aw ay fro m  bottom  of 
tube, p e lle t  fo rm s clum ps w hen ag ita ted .
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R ec ip ro ca l quan tita tive  im m unoabsorption  w ith the  sam e two 
b a c te r ia l s tra in s  and th e ir  a n tise ra  is  shown in F ig u res  16 and 17. 
F ro m  F ig u re  16 (an tise ru m  fo r  nonlysogenic TZS^) it can be concluded 
that the  lysogenic T25g(T12gl) cu ltu re  w as insuffic ien t in the sam e, o r 
s im ila r , antigen a s  the nonlysogenic T25g to  reduce  the agglutinating 
t i t e r  to the b a sa l lev e l p roduced  by hom ologous absorp tion , even w ith 
a sufficien tly  la rg e  absorbing  dose ( 800 ;ag /m l). The d ifference  in 
the  re c ip ro c a l te s t ,  using a n tise ru m  for lysogenic s tra in  T25^(T12gl), 
w as even m o re  s trik in g  (F igu re  17). Again, nonhomologous abso rp tion  
le ft a  la rg e  am ount of antibody unabsorbed , indicating th a t ly sogen iza- 
tion  had re su lte d  in  the appearance  of a t le a s t  one new de term inan t, 
pe rhaps w ith re c ip ro c a l lo ss  of the  antigenic co u n te rp art fro m  the 
p h ag e-free  s tra in .
R esu lts  of a s im ila r  analysis  of the K56 system  a re  p resen ted  
in  T able 16. K56(Cf) re p re se n ts  K56(H4489A) in  the fou rth  colum n 
and K56(2172) in the  final colum n. The da ta  ind icates no sign ifican t 
d iffe ren ces in  re s id u a l agglutin ins in  any of the  s e ra . The absorp tion , 
how ever, w as ineffic ien t, effecting  only a  2 -fo ld  d e c rea se  in t i te r ,  
even when the  concen tra tion  of hom ologous abso rban t w as tr ip le d  
(3600 u g /m l). F u r th e rm o re , a ttem pts to  in c re a s e  the an tigenicity  
of the c e lls  by exposure  to  HCl, pepsin , o r  try p s in  fa iled  to enhance 
the  rem oval of antibody. B ecause of th is  d ifficu lty , quantitative 
abso rp tion  data  w as inconsequentia l, and w ill not be p resen ted .
120
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FIGURE 1 6 -ABSORPTION OF STREPTOCOCCUS PYOGENES 
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FIGURE 17 -ABSORPTION OF STREPTOCOCCUS PYOGENES 
T25g(T12gl) ANTISERUM BY T 2 5 j  AND T 2 5 g  (TI2gl)
TA BLE 16
TITERS OF RESIDUAL AGGLUTININS IN ANTISERA ABSORBED 
WITH SATURATING DOSES O F HOMOLOGOUS AND 
HETEROLOGOUS ANTIGENS
A bsorbing A gglutinating R esid u a l T ite r s




K56 (0) 512 512
K56 (f)
K56 512 512
K56 (0) 512 512
K56
K56 512 512
A nti K56 (0)
K56 {0) 512 512
K56 512 512
K56 (0) 512 512




A bsorbing A gglutinating R esid u a l T ite r s
A nti S e ra A ntigen Antigen 4=H4489 4=2172
A nti (H4489) - K56 09) 2048 2048
P re in u n u n e - K56 0 0
S erum - K56 09) 0 0
Nw
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Solubilized antigens of each s tra in  in  both the  K56 and T25g 
sy stem s w ere  em ployed in  double im m unodiffusion a ssa y s  using  the 
m ethod of O uchterlony. Each antigen p rep a ra tio n  w as te s te d  with 
both lysogen and nonlysogen a n tise ra  and the re su lts  shown in 
F ig u re  18, L ines of iden tity  between a ll  antigens p re se n t in  the  p r e ­
p a ra tio n s of K56 and correspond ing  lysogens (F igu re  20a) support 
the p rev ious im m unoabsorp tion  data indicating no antigenic conversion. 
In F ig u re  18-a each antigen w ell contained a com bination of HCl and 
fo rm am ide e x trac ted  p re p a ra tio n s . How ever, when T25g and T25^ 
(T12gl) an tigens w ere  e x tra c ted  with e ith e r fo rm am ide  (F igu re  18-b) 
o r HCl (F igu re  18-c), and te s te d  against a n tise ra  to re sp e c tiv e  non- 
lysogens and ly sogens, spu r fo rm ation  revea led  the ex istance  of 
som atic  antigens unique to each  s tra in . F u r th e rm o re , both ex trac tion  
p ro ced u res  a re  re p o rte d  to y ie ld  p r im a r ily  a m ix  of M p ro te in  and 
group carbohyd rate .
A ttem pts to c h a ra c te r iz e  th is antigenic conversion  chem ically  
involved the u se  of v a rio u s agents to d e s tro y  the T25^(T12gl) antigen 
co rrespond ing  to the re s id u a l agglutinating antibody in  the  h e te ro - 
absorbed  se ru m  (F igu re  19). The u n trea ted  con tro l in d ica to r showed 
a t i t e r  of 512. E nzym atic  d igestion  of su rface  d e te rm in an ts  on the 
whole c e lls  had no d e le te rio u s effects on agglutination when try p s in  
(1 .0  m g /m l) o r  p epsin  (1 .0  m g /m l) w ere  em ployed. The action  of 









D T25 and T25 (TlZgl)
E x trac ted  With 
1 & 5 K56(2172) (HCl and Form am ide)
2 K56
3 & 4 K56(H4489A) (HCl and Form am ide)















D TZSj and T25 (T12gl)
E x trac ted  With 
1 & 5 K56(2172) (HCl and Form am ide)
2 K56
3 & 4 K56(H4489A) (HCl and F orm am ide)





by rem oval of an overlying p ro te in  p a rtia lly  blocking the antigens expo­
su re  to antibodies. A ctiv ities of the two enzym es w ere  confirm ed  by 
exam ining th e ir  capac ities  to d ig est hum an se ru m  album in, subsequently  
producing non-TCA  p rec ip itab le  peptide frag m en ts . F ig u re  20 rev ea ls  
tha t both enzym es w ere  ac tive ly  p ro teo ly tic  fo r hum an se ru m  album in, 
indicated  by the  2 -fold in c re a se  in  TCA soluble m a te r ia l  w ithin 1. 75 
h o u rs  by pepsin  and 4. 0 h ou rs by try p s in .
E xposure to  cold 10 p e rc e n t TCA re su lte d  in d e stru c tio n  of the 
d is tin c t agglutinating antigen possib ly  by p rec ip ita tio n  of a  p ro te in  m oie ty  
(F igure  19). H ow ever, cold HCl a t the  sam e pH had a s im ila r  e ffect as 
did TCA, suggesting the lo ss  of agglutinating capacity  m ay be due to acid  
hydro lysis  of the antigen ra th e r  than specific  p ro te in  p rec ip ita tio n . The 
p artic ip a tio n  of lip id  in the spec ific ity  of th is  antigen w as con tra ind icated  
by the  inab ility  of ch lo ro fo rm  to d e s tro y  its  de te rm inan t. Sodium dodecyl 
su lfa te , w hich d isso c ia te s  p ro te in  subunits, a lso  fa iled  to influence agglu­
tina tion . It w as concluded fro m  th ese  experim en ts that the  n a tu re  of the 
som atic  antigen in  question w as n e ith e r p ro te in  nor lipid.
The p o ss ib ility  that the  som atic  antigen w as e ith e r  m ucopeptide 
o r  carbohydrate  w as fu rth e r  p u rsued . T his w as done by de term in ing  the 
agglutination t i te r s  of both T25^ and T25^(T12gl) whole c e lls  in  L a n c e - 
fie ld  grouping s e ra  specific  fo r groups A and A -v a rian t (Table 17). The 
d ram atic  d ifference  in the t i t e r s  of the  group A se ru m  ind icated  by the  
















FIGURE 19-EFFECTS OF 
(TI2gl) AGGLUTINATION
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CHEMICAL AND ENZYMATIC EXPOSURE ON T 2 5 :














FIGURE20-DETECTI0N OF TCA SOLUBLE PEPTIDE 
FRAGMENTS IN SUPERNATANT FLUIDS OF HUMAN 
SERUM ALBUMIN (HSA) EXPOSED TO PEPSIN AND 
TRYPSIN
TABLE 17
AGGLUTINATION OF TZS^, T25^(T12gl), AND T25^(T12)B 
IN LANCEFIELD GROUPING SERUM
S erum S tra in T ite r
T25g 1024
A nti-G roup A T253(T12gl) 32
T25g(T12)B 32
T 253 512





by reduction  o r lo ss  of group A specific ity . Support fo r th is  conclusion 
was offered  by the finding th a t a r tif ic ia l  lysogenization of T25^ by phage 
T12 re su lte d  in a s tra in , T25g(T12)B, w ith the agglutinating potential 
of the lysogen ra th e r  than the  p a re n ta l p h ag e-free  s tra in . It was a lso  
reasoned  th a t group A specific ity  was possib ly  rep laced  by group A- 
v a rian t since the two p o ly saccharides d iffer only in  the p resen ce  o r 
absence of te rm in a l N -ace ty l g lucosam ine res id u es . Table 17, how ever, 
ind icates tha t T25^ p o sse sse d  16 tim es g re a te r  A -v a rian t specificity  
than did the lysogen. As befo re , T25^(T12)B appeared  s im ila r  to  
T25^(T12gl).
Two quantitative approaches w ere  employed to  analyze the 
d ifferences in group specific  carbohydrate  p o ssessed  by the  two s tra in s . 
Double im m unodiffusion using  2 -fold dilu tions of soluble antigen p r e ­
para tions and undiluted group A specific  a n tise ru m  suggested that 
T25^(T12gl) contained no antigen th a t would fo rm  a p rec ip itab le  com ­
plex w ith group A antibody in  a g a r. Group A specific  antigen p o ssesse d  
by T^Sg, how ever, w as s t i l l  de tectab le  when diluted 1:4 (F igure 21).
The nonlysogen a lso  appeared  to  contain the  g re a te s t am ount of 
A -varian t carbohyd rate , ind icated  by th e  p e rs is ta n c e  of band form ation  
in  d ilutions 4 and 8 , as  w ell as by the  d e n se r  p rec ip itin  lines that fo rm ed  
in the low er d ilu tions. The lysogen, how ever, dem onstra ted  som e 



























FIGURE 2 1 --A quantitative  gel diffusion of so lub ilized  antigens of T25, 
and T25g(T12gl) w ith group A and A -v a rian t a n tis e ra .
T = T25g






FIGURE 2 1 - -A quan tita tive  gel diffusion of so lub ilized  an tigens of T25g 
and T25g(T12gl) w ith group A and A -v a rian t a n t is e ra .
T = T25g
T /T  = T25g(T12gl)
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The re s u lts  of quantita tive  p rec ip itin  analysis  in  liquid  m edia, 
how ever, d iffered  quantita tively  fro m  those of the  gel diffusion stud ies 
(Table 18). T hese re s u lts  ind icated  th a t T25g p o sse sse d  only 31 p e r ­
cent m ore  group A specific  carbohydrate  than T25g(T12gl). In addition, 
quantitative d iffe rences betw een the group A -v a ria n t p o ly saccharide  of 
the  two s tra in s  w ere  only 10 p e rc en t com pared  to  the 200 p e rc en t 
de te rm ined  by gel diffusion. To help  reso lv e  th is  d isc rep an cy , the 
to ta l carbohydrate  in standard ized  form am ide e x tra c ts  of each  s tra in  
w as de te rm ined  accord ing  to  the m ethod of D ische. T hese values 
w ere  1. 1 m g /m l in  the T25g p rep a ra tio n  and 0. 76 mg /m l in  the 
T25^(T12gl) sam ple  (Table 19). The 31 p e rc e n t d ifference  in  th ese  
carbohydrate  concen tra tions supported  the ind ications th a t phage T12 
infection reduced  group A specific ity  by approxim ately  o n e -th ird . It 
seem s un likely , how ever, th a t th is  reduction  could account fo r the 
im m unoabsorption  data  and the 32-fold d ifference  in agglutination of 
th ese  two s tra in s  in  group A a n tise ra .
F u r th e r  c h a ra c te riz a tio n  of th is  phage conversion  sy s tem  
involved agglu tination  of m odified  s tra in s  in  h e te ro -ab so rb ed  a n tise ra  
under v a rio u s  conditions (Table 20). Column A re p re se n ts  agglutinin 
t i te r s  in  ab so rbed  s e ra  th a t had been tre a te d  w ith phage T12 p r io r  to 
agglutination. A com parison  of the  values in th is  colum n w ith those 
of the n o rm al unm odified s itua tion  (column E) rev e a ls  th a t addition of 
the phage fa iled  to  reduce  the re s id u a l t i te r .  It w as th e re fo re  doubtful
TABLE 18
QUANTITATIVE PR EC IPITIN  ANALYSIS OF STREPTOCOCCAL 
SOMATIC ANTIGEN COM PLEXES WITH GROUP 










CONCENTRATIONS OF TOTAL CARBOHYDRATE IN FORMAMIDE- 
EXTRACTED ANTIGEN PREPARATIONS O F 
T25 AND T25 (TI2gl)
m g /m l
S tra in Sam ple 1 Sam ple 2
T25s 1. 06 1. 10
T25^(T12gl) 0 .72 0 .76
TABLE 20
CAPACITY O F ABSORBED SERA TO AGGLUTINATE T25, 
LYSOGENS AND NONLYSOGENS '





R esid u a l T ite r s
A B C D E
Anti-TZBj
TZSg
T 253 16 16 16 16 16
T25^(0) 16 16 16 16 16
T253
(T I2gl)
T25^ 128 128 128 128 128




T25s 16 16 16 16 16
T253(0) 512 512 512 16 512
T25s
(T12)
T253 16 16 16 16 16
T253(0) 16 16 16 16 16
Anti-T25g - T25s 2048 2048 2048 2048 2048
OJin
TABLiE 2 0 - -C ontinued





R esid u a l T ite rs
A B C D E
Anti




T25g 0 0 0 0 0
T25g((f) 0 0 0 0 0 wo
A = a ll s e r a  ab so rbed  w ith  OfTlZ following s ta n d a rd  ab so rp tio n  T25g(^) = T25g(T12gl) 
B = a ll  c e lls  p re incubated  w ith  0 .1  m g /m l hy a lu ro n id ase  TZS^ (0) = T25g(T12gl)
C = T25^(j») = T25g(T12)B  
D = T 25j(0) = T25g(H4489A)
E = T25^(0) = T25g(T12gl)
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th a t phage a ttachm ent its e lf  changed the antigenic spec ific ity  of the 
lysogen. Nor did rem oval of b a c te r ia l  capsu les w ith hya lu ron idase  
p r io r  to  agglutination affect the  t i te r s  of the re s id u a l se ru m  (colum n B). 
Substitu ting the T12 lysogen co n stru c ted  fo r th is  study rev ea led  i t  to 
p o sse ss  s im ila r  agglutinating c ap ac itie s  as T25^(T12gl)(colum n C).
The H4489A lysogen on the o th e r hand resem b led  nonlysogenic T25^ 
ra th e r  than  T 25^(T l2gl) (colum n D). Lysogeny p e r  se, th e re fo re , did 
not re s u lt  in  a lte re d  an tigens.
E ffects of Lysogeny on E x tra ce llu la r  and 
In tra c e llu la r  C onstituents
At le a s t one e x tra c e llu la r  p roduct, e ry th rogen ic  tox in , has 
been rep o rte d  to  be influenced  by bacteriophage. F u r th e r  c h a ra c te r iz a ­
tio n  of th is  conversion  sy s tem  n e c e ss ita te d  the  developm ent of a 
re liab le  a ssa y  fo r the  p h y sica l p re se n c e  of the toxin as w e ll as fo r 
a sso c ia ted  b io logical ac tiv ity . D etection of the e ry them atous p ro p e rty  
w as achieved by in tra d e rm a l in jections into the shaved backs of rab b its . 
The skin re sp o n ses  w ere  re a d  at 24 and 48 hours p o st in jection . 
E ry them atous ac tiv ity  p re s e n t  in  concen tra ted  TH d ia ly sa te  cu ltu re  
f i l t ra te s  of se v e ra l group A s tre p to c o cc a l s tra in s , pu rified  type A 
s c a r la tin a l exotoxin, and a w ashed  T12 phage p rep a ra tio n  is  r e p r e ­
sen ted  in  Table 21. Since h y p e rsen s itiv ity  p lays a  p o ss ib le  ro le  in 
th e  positive  skin re sp o n se , an im als p rev iously  sen sitized  to  type A
TABLE 21
ERYTHEMATOUS RESPONSE OF UNSENSITIZED AND SENSITIZED 
RABBITS TO INTRADERMAL INJECTIONS OF ERYTHROGENIC 
TOXIN, PHAGE T12, AND VARIOUS CULTURE FILTRA TES




F i l t ra te s U nsensitized
24 hour 48 hour 24 hou r 48 hour 24 h o u r 48 hour
K56 - - +1 - - -
K56(2172) - - + 1 - - -
K56(H4489A) - - + 1 - - -
T25g - - +1 - - -
T25^(T12gl) - +2 . +1 +2 - +1
T25g(T12)B - +2 + 1 +2 - +1
NY5 Type 10 - +2 +1 +2 - + 1
S te rile  THD - - - - - -
Type A Toxin - +2 + 1 +2 - +1
0T12 (Washed) - - - - - -
OJ
00
- = no e ry th em a
+1 = e ry th em a  (10 m m  d iam e te r)  c h a ra c te r iz e d  by p ink co lo ra tion  
+2 = e ry th em a  (10 m m  d iam ete r)  c h a ra c te r iz e d  by deep re d  co lo ra tio n
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exotoxin and culture  f i l t r a te s  of T25^(T12gl) supplem ented the 
u nsen sitized  rabbit.
Skin responses a f te r  48 hours showed that the T25^ p re p a ra ­
tion contained no e ry th rogen ic  activ ity , w hereas i ts  lysogenic co u n te r­
p a r t  produced  positive re sp o n se s  re g a rd le ss  of the im m unological 
s ta te  of the rab b its , adding support to e a r l ie r  re p o rts  th a t e laboration  
of sc a r la tin a l toxin is  a sso c ia ted  w ith bacteriophage infection. ( A 
se p a ra te  experim ent showed th is  skin response  to p e r s is t  through a 
1 /32, 000 dilution of the cu ltu re  f i ltra te . ) In addition, a ll rabb its 
responded  positively  to  f i l t r a te s  of T25 (T12)B, NY5 type 10, and 
the p u rified  type A toxin p rep a ra tio n . No ery them atous activ ity  was 
a sso c ia ted  with resuspended  phage T12 o r f i l tr a te s  of the  K56 system . 
It a lso  appears that a t le a s t p a r t  of the skin resp o n se  w as a ttribu tab le  
to in tr in s ic  (prim ary) tox ic ity  of the exotoxin, since  the unsensitized  
an im al displayed the sam e p a tte rn  of resp o n ses as did the sensitized  
rab b its  a t 48 h o u rs . H ow ever, the reac tio n  w as augm ented following 
sen sitiza tio n , indicating p a rtic ip a tio n  of specific  hypersensitiv ity  
(secondary  toxicity) in  the developm ent of ery them a. Guinea pigs 
w ere  found to be unsu itab le  as ind ica to rs of e ry them a, since non­
specific  and specific re sp o n se s  w ere  und iscernab le .
Serological p re c ip itin  reactions form ed the b asis  fo r the 
in  v itro  toxin a ssay  developed fo r th is  study. The a ssa y  depended on 
continuous lines of iden tity  betw een a standard  toxin A p rep a ra tio n
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and an unknown antigen in double im m unodiffision reac tions with an ti-  
se rum  against NY5 type 10 cu ltu re  f i l tr a te s . This o rgan ism  was 
used fo r a n tise ru m  p rep a ra tio n  because i t  is rep o rted  to be a p ro lific  
p roducer of both toxin A and B, and w as the so u rce  of the toxin in the  
pu rified  toxin  A p rep a ra tio n  u tilized  as the stan d ard  in th is  in v itro  
technique.
P o ly acry lam id e  gel e le c tro p h o re s is , how ever, revealed  the 
p u re s t toxin p re p a ra tio n  availab le  to be contam inated by a single m o le ­
cu la r spec ies  (F igure  22-b). A p ro ced u re  w as subsequently  developed 
to e lim inate  th is  contam inant fro m  the known standard , based  on the  data  
shown in F ig u re  22. T hree im portan t conclusions could be drawn 
from  th ese  d isc  gels: 1) toxin A had a  g re a te r  e lec tropho re tic  
m obility  than did the contam inant, 2 ) both the toxin and the contam inant 
had co u n te rp arts  in the NY5 type 10 f i l t ra te s  p o ssessin g  s im ila r  R ^ 's, 
and 3) the  concen tra tion  ra tio  of toxin to  contam inant was m uch h igher 
in the p u rified  p rep a ra tio n  than in the cu ltu re  f i l t r a te s , which contained 
a s im ila r  quantity  of each. This in form ation  was used  in coordination 
w ith the re s u lts  of im m unoe lec tropho resis  of the sam e p rep a ra tio n s 
(F igure 22 -c), i . e . , 1) two bands of s im ila r  in tensity  w ere  detected  
in  the cu ltu re  f i l t r a te s ,  w hereas the toxin p rep a ra tio n  was c h a rac te rize d  
by one dom inant and one fa in t line of p rec ip ita tio n , probably  reflec ting  
the concentra ting  of toxin by the pu rifica tion  p rocedu re ; and 2 ) the 





F ig u re  2 2 - -A nalysis of p u rified  Type A toxin and cu ltu re  f i lt ra te s  of 
NY5 type 10; (a) Gel D iffusion of 1) Toxin A P re p a ra tio n  
2) NY5 Type 10 F i l t ra te  and 3) A n tise ra  P re p a re d  A gainst 
NY5 Type 10 F il tra te ;  (b) Gel E le c tro p h o re s is  of 1) Toxin 
A P re p a ra tio n  and 2) NY5 Type 10 F il tra te ;  and Im m uno­
e le c tro p h o re s is  of Toxin A and NY5 Type 10 F i l tra te s  
(c) Undiluted (d) and D iluted 1:4,
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the sam e as did the toxin in  the d isc  gel an a ly sis . It w as th e re fo re  
concluded th a t th is  e lec tronegative  p rec ip itin  band re p re se n te d  
ery th rogen ic  tox in  . F ina lly , im m unoelec tropho resis  of su ccess iv e  
2 -fold d ilu tions of the  tox in  p rep a ra tio n  showed the toxin band d e te c t­
able following a 1:4 d ilution w h ereas the contam inant d isappeared  
a fte r  a single doubling of the  volum e.
The p u rified  known s tandard  for the  in v itro  toxin a ssa y  was 
subsequently  obtained by diluting the  o rig in a l p rep a ra tio n  to  the  lim its  
of de tec tib ility  as a band of p rec ip ita tio n  by NY 5 type 10 an tise ru m . 
Although th is  technique did not actually  rem ove the contam inant from  
the stan d ard , i t  reduced  i t  to  one fourth  the concentra tion  req u ire d  fo r  
detection  by th e  in  v itro  toxin a ssay .
This m ethod w as u tilized  to de tec t toxin concen tra tions in  
cu ltu re  f i l t r a te s  of NY5 type 10 grow n in THD, S tock 's d ia ly sa te , o r  
PPD  m edia  a t  24 and 37 C (Table 22). Following 48 hour incubation, 
both THD and S tock 's m ed ia  appeared  to be equally  su ited  fo r  u se  in 
toxin  stud ies , w h ereas PPD  contained a toxin  concen tra tion  undectable 
in dilu tions of no g re a te r  than 1:4. B ecause of its  re la tiv e  s im p lic ity  
of p rep a ra tio n , THD w as se lec ted  a s  the routine m edium  fo r these  
inve stigation  s .
Double im m unodiffusion ana ly sis  of T25^, T25^(T12gl), and 
T25g(T12)B f i l t r a te s  w ith a m ixu re  of T25^ and T25^(T12gl) a n tise ra  
rev ea ls  spu r fo rm ation  betw een the nonlysogen and i ts  two lysogenic
TA BLE 22
DETECTION OF SCARLATINAL TOXIN A IN CULTURE FILTRA TES 
OF NY5 T Y PE  10 GROWN IN VARIOUS MEDIA 
FOR 48 HOURS AT 24 AND 37 C












^ p rec ip itin  te s t  dose (PTD) = h ig h es t d ilu tion  of sam ple  re su ltin g  in  a 
Tine of iden tity  w ith  the  toxin  s tan d ard  (in v itro  toxin  assay)
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co u n te rp arts  (F igure  23). Both T25^ and T25^(T12gl) f i l t r a te s , th e re ­
fore  appear to  have contained (an) im m unologic ally  d is tin c t co u n te r- 
p a rt(s). F u r th e r  analysis  using the in v itro  toxin a ssa y  ind icates that 
w hereas the lysogen produced toxin A, the  nonlysogen e laborated  no 
im m unologically  re la te d  product de tectab le  by p rec ip ita tin g  antibody 
in NY5 type 10 a n tise ru m  (Figure 26).
It is  a lso  apparen t from  F igu re  25 th a t toxin could not be 
found in  broken ce ll e x tra c ts  (BCE) of e ith e r T25g o r T25^(T12gl) 
using the in  v itro  toxin a ssay . The p o ss ib ility  tha t inhibition of p r e ­
cip itating  antibody w as a  general p ro p e rty  of th ese  e x tra c ts  was 
elim inated  by dem onstra ting  the ab ility  of each  broken c e ll p rep a ra tio n  
to p rec ip ita te  w ith hom ologous a n tise ra  (F igu re  24). A ssays for 
ery them atous ac tiv ity  in  these  broken ce ll e x tra c ts , how ever, produced 
re su lts  u n p ara lle led  to those  of the in v itro  an a ly sis  (Table 23). Both 
T25g (broken c e ll ex trac t) and T25g(T12gl) (broken ce ll ex tract) 
e lic ited  re sp o n se s  s im ila r  to the standard  type A toxin. The inability  
of d is in teg ra ted  K56 p rep ara tio n s to produce a positive  response  
reduces the  likelihood th a t non-specific  e ry th em a  accounted fo r the 
positive  re sp o n se  of T25^(BCE). Both the lysogen and nonlysogen 
contained som e specific soluble substance(s) re le a se d  by ce ll 
d is in teg ra tion .
N eu tra liza tion  of the ery them atous ac tiv ity  in th e se  broken 
cell e x tra c ts  w as accom plished by incubating them  in an equal volume
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F ig u re  23--G e l diffusion p a tte rn  obtained w ith a m ix u re  of TZS^ and 
T25g(T12gl) a n tise ra  (A) and cu ltu re  f i l t r a te s  of 
B) T25j(T12gl), C)T25^ and D) T25^(T12)B
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O  :
F ig u re  2 3 - -G el diffusion p a tte rn  obtained w ith a m ix u re  of TZS^ and 
T25g(T12gl) a n tise ra  (A) and cu ltu re  f i l t r a te s  of 
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F ig u re  2 4 -- In v itro  toxin a ssa y  fo r toxin  A in cu ltu re  f i l tr a te s  

















F ig u re  2 4 -- In v itro  toxin a ssa y  fo r toxin A in cu ltu re  f i ltra te s  
(CF) and broken ce ll e x tra c ts  (BCE) of T25g(T) and 
T25g(T12gl)(T/T)
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of an tiseriim  against T25^(T12gl) cu ltu re  f i l t r a te s , w hich destroyed  the 
sc a rla tin a l p ro p e rtie s  of toxin A as  w ell (Table 23). On the o ther hand, 
analogous T25^ an tise ru m  failed  to  produce the sam e effect, suggesting 
tha t the two s e ra  d iffer in  the p re sen c e  of type A specific  antitoxin. In 
addition, the la s t  6 colum ns in  Table 22 ind icate  an antigenic s im ila rity  
between the toxic agents in the  d is in teg ra ted  ce ll p rep a ra tio n s  of T25^ 
and T25g(T12gl), since both a re  n eu tra lized  by a n tise ru m  to T25^(T12gl) 
cu ltu re  f i ltra te s . E x tra c e llu la r  co u n te rp arts  of th ese  agen ts, how ever, 
w ere  shown to be im m unologically  d is tin c t fro m  each o ther by double 
im m unodiffusion and by d ifferences in antitoxin p ro p e rtie s  of the 
corresponding a n tise ra .
E lec tro p h o res is  of T25^ and T25^(T12gl) cu ltu re  f i ltra te s  in 
po lyacry lam ide gels w as em ployed using the p a rtia lly  pu rified  toxin A 
p rep ara tio n  as a re fe ren c e  s tandard  (shown in F ig u re  25, gel 2). These 
re su lts  a re  p resen ted  in  T able 24 as va lu es, and the corresponding 
quantities re la ted  to the  average  band density  as a m u ltip lica tive  fac to r. 
Both f iltra te s  had comm on bands a t R^'s of 3. 3 and 3. 8 , corresponding 
to  the contam inant and m ajo r com ponent in  the toxin A p rep ara tio n . 
W hereas toxin w as the m o st abundant e x tra c e llu la r  constituen t found 
in  the T25^(T12gl) f iltra te  (6 . 5), the  correspond ing  p roduct w as 
slightly  below the average  concen tra tion  in  the T25^ p rep a ra tio n  (0 . 9). 
This amount of m a te r ia l  p o ssess in g  the  iden tica l e lec tro p h o re tic  
m obility  as toxin  A w as significantly  m ore  than one would expect from
TABLE 23
ERYTHEMATOUS RESPONSE O F UNSENSITIZED AND SENSITIZED 
RABBITS TO INTRADERMAL INJECTIONS O F TOXIN AND 
BROKEN C ELL EXTRACTS. AND SUBSEQUENT 
NEUTRALIZATION BY ANTISERA PR EPA RED  
AGAINST CULTURE FILTRA TES
Skin. R esponse  in  R abb its S en sitized  to  . . .
Type A Toxin
T25 (T12gl) 
F i l t r a te s U nsensitized
24 hour 48 h o u r 24 hour 48 hour 24 hour 48 hour
T25^ - +2 + +2 - +2
T25g(TI2gl) - +2 + +2 - +2
NY5 - +2 + +2 - +2
K56 - - + +2 - -
Type A Toxin - +2 + 1 +2 - +2
S te r ile  PBS - - - - -
T25 (T12gl) + an ti 
T25g(T12gl) - - + 1 - _
Toxin A + an ti T25^ - +2 + 1 +2 - +2
00
TABLE 23--C on tinued
Skin R esponse  in  R abb its  S en sitized  to
Tvoe A Toxin
T25 (T12gl) 
F i l t r a te s U n sen s itized
24 hour 48 h o u r 24 hou r 48 hour 24 hour 48 hour
T oxin A + an ti 
T25g(T12gl) + 1
T25g + an ti T25^ - +2 + 1 +2 - +2
T25 + an ti 
T25g(T12gl) - - +1 - - -
- = no e ry th em a
+1 = e ry th em a  (10 m m  d iam e te r)  c h a ra c te r iz e d  by p ink co lo ra tion  
+2 = e ry th e m a  (10 m m  d iam ete r)  c h a ra c te r iz e d  by deep re d  co lo ra tion
TABLE 24
QUANTITATIVE REPRESENTATION OF STREPTOCOCCAL EXTRACELLULAR 
PRODUCTS SEPARATED BY POLYACRYLAMIDE 
GEL ELECTROPHORESIS
T25^ T25^(T12gl) Toxin A
0 . 06 0 . 2 0 .0 2 -
0 . 19 0 . 1 0 . 10 -
0 .23 0 . 08 0 .0 1 -
0 .33 2. 7 0 . 20 0 .0 7
0 .38 0 .9 6 . 50 1 .9
0 .4 3 0 . 2 0 .0 1 -
0. 50 5 .4 1 .00 -
0 .56 0 . 1 0 .07 -
0 . 62 0 .0 5 0 .0 7 -
0 .6 6 0 . 1 0 .07 -
o
Am ounts w ere  d e te rm in ed  g e o m e tric a lly  f ro m  g raph ic  re p re se n ta tio n s  
obtained  by gel scan s using  a  G ilfo rd  lin e a r  t ra n s p o r t .  E ach  value ex ­
p r e s s e s  the  am ount of the  ind iv idual band as a fac to r of the  av e rag e  band 
quantity  in  th e  re sp e c tiv e  gel. i. e . n,...ntitv nf hand v
quantity  of av erag e  band
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a s tra in  incapable of e ith e r producing a de tectab le  ex tra ce llu la r  
e ry th rogen ic  substance  o r  reac tin g  w ith toxin specific  p rec ip ita ting  
antibody. Support th a t th is  compound in th ese  nonlysogen p rep a ra tio n s  
w as re la te d  to  toxin A w as provided  by the finding th a t s trep to co cca l 
pyrogenic exotoxin (SPE) w as p re se n t in the  THD cu ltu re  f i lt ra te s  of 
T25g, accord ing  to the  s tan d ard  a ssa y  fo r pyrogenic activ ity  
(cou rtesy  of Dennis W atson, U n ivers ity  of M innesota). E ry th rogen ic  
toxin and SP E  a re  rep o rte d ly  synonom ous.
P ro te in  concen tra tions w ere  a lso  de te rm in ed  fo r each f i ltra te  
to allow quan titative  com parisons betw een sam p les. The to ta l p ro te in  
in the re sp e c tiv e  T25^ and T25^(T12gl) p rep a ra tio n s  was 950 and 810 
m g /m l as de te rm in ed  by the  Low ry a ssa y  p ro ce d u re . A co rrec tio n  
fac to r of 1. 2 , th e re fo re , applied to the quantitative  data  fro m  the gel 
scan s , re su lte d  in  a ca lcu la tion  of 7. 8 tim es  m o re  ex tracellu ,lar 
'tox in ' p roduced  by the  lysogen than  the  p h ag e-free  s tra in . ..It is  a lso  
notew orthy th a t of the  10 p ro te in s detected  in  each  sam ple , toxin was 
one of only two th a t w as not produced in  g re a te r  concen tra tions by 
T25g than  T25^(T12gl); A pparently , the b iosynthetic  m ach inery  of 
the  lysogen w as a lte re d  to  favo r the production  of sc a r la tin a l exotoxin 
a t the  expense of the  o th er constituen ts .
D isc gel e lec tro p h o re tic  p a tte rn s  o f b roken  ce ll e x tra c ts  a re  
p re sen te d  pho tograph ica lly  in  F ig u re  25, and tra n s la te d  into tab u lar
TABLE 25
QUANTITATIVE REPRESENTATION OF STREPTOCOCCAL BROKEN 
CELL EXTRACTS ANALYZED BY POLYACRYLAMIDE 
GEL ELECTROPHORESIS
^ f NY5-10 Toxin A T25^(T12gl) T253 0T12
0 .07 0 . 12 - 1. 15 0 . 19 0 .0 7 0 . 10
0. 15 0 . 01 - 0. 17 0 .03 0. 15 0 .0 2
0. 17 4. 08 - 3. 70 5 . 40 0. 17 0 .4 0
0 .2 4 0 .79 - 1 . 12 1 .21 0. 30 3 .30
0 .3 3 0 .2 8 0 .2 0 0 .8 4 0. 34 - -
0 .38 0 . 16 6 . 50 0 .0 9 0 .0 4 - -
0 .46 1. 30 - 2. 93 2 . 82 - -
0. 53 0 . 02 - 0 . 16 0 . 06 - -
0 .61 0 .0 1 - 0 . 01 0 . 02 - -
0 . 82 0 .0 1 0 .0 1 0 .0 4
oiro
Am ounts w e re  d e te rm in ed  g e o m e tric a lly  f ro m  g raph ic  re p re se n ta tio n s  
obtained by gel scan s  using  a  G ilford  lin e a r  tra n s p o r t .  E ach  value ex ­
p re s s e s  the  am ount of the indiv idual bands a s  a fa c to r  of the  av erag e  
band quantity  in  th e  re sp e c tiv e  gel, i. e .. quantity  of band x______
quantity  of av erag e  band
153
0
F ig u re  2 5 --P o lyacry lam ide  gel e lec tropho re tic  p a tte rn s  of broken 
ce ll e x tra c ts  of 1) NY5 type 10, 3, 2) the  p a rtia lly  
P u r ifie d  toxin  A p rep a ra tio n , T25g(T12gl) and 4) T25g. 
P o sitio n  5 re p re se n ts  a  w ashed T12 suspension.
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tabu lar fo rm  (Table 25). Toxin A (R^ 0. 38) was found to  be m ost 
concen tra ted  in  NY5 type 10 e x tra c ts , followed by T25^(T12gl) and 
T 25j in  quantitative  ra tio s  of 4. 0:2. 2:1. 0. W hereas the toxin was 
detected  in 7. 8 tim e s  g re a te r  quantities in e x tra c e llu la r  p roducts of 
the lysogen than  the  nonlysogen, th is d ifference  w as reduced  to 2 . 2 
in the b roken ce ll e x tra c ts . The re p re ss io n  p a tte rn  of non-toxin  
b iosynthesis by T25^(T12gl) a lso  appears to have been a lte re d , as 
the concen tra tion  of toxin  in the  d is in teg ra ted  lysogen p rep a ra tio n  
was le s s  than  10 p e rc en t that of the average  p ro te in  band in  the 
sam ple. None of the  bands in  the  w ashed T12 p re p a ra tio n  m im icked  
the e lec tro p h o re tic  m obility  of toxin A, which w as th e re fo re  probably  
u n re la ted  to any s tru c tu ra l  com ponents of the  bacteriophage.
The effects of various bacteriophages on the ab ility  of T25^ 
to  produce e ry th rogen ic  toxin w ere  studied using the in v itro  toxin 
a ssay  (F igu re  26). L y sis  by v iru len t phage A25 produced ly sa te s  con ­
taining no m o re  de tectab le  toxin  than did the p h ag e-free  b ac te ria l 
f i l tra te . A v iru len t m utant of phage T12, how ever, converted  T25^ 
to the toxinogenic s ta te  in the p ro c e ss  of phage infection  and ce ll 
ly s is . In teg ra tion  of bacteriophage into the host ch rom osom e, th e r e ­
fo re , w as not e sse n tia l fo r toxin production. W ild type T12 phage 
infection a lso  re su lte d  in  a toxinogenic cu ltu re . P ropagation  of the 
two T 12 phages by s tandard  p ro toco l, how ever, re su lte d  in  the  p ro d u c ­



















F ig u re  2 6 - -In v itro  a ssa y  fo r toxin A in
A. L ysa tes of T25. infected w ith phage
1. A25 3. U ninfected
2. T12 4. T 1 2 c .p .  1
B. C u ltu re  f i l t r a te s  of the lysogens







F ig u re  26- -In  v itro  a ssa y  fo r toxin A in
A. L ysa tes  of T25_ in fected  w ith  phage
1. A25 3. U ninfected
2. T12 4 . T12 c .p .  1
B. C u ltu re  f i ltra te s  of the lysogens
5. T25 (t 12)B
6. T25g(H4489A)
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phage was inoculated into T25^ cu ltu res in m id -logarithm ic  stages 
of growth and incubated at 37 C fo r 16 hours could th is  product be 
found in the  ly sa te s . F ig u re  26 dem onstra tes that relysogeny of 
T25g w ith phage T12 re su lted  in  a toxinogenic cu ltu re. When r e ­
peated w ith phage H4489A, how ever, the resu lting  T25^(H4489A) 
was incapable of producing toxin A. Lysogeny itse lf , th e re fo re , 
was not accountable fo r conversion  to tox^.
K inetics of toxin production by T25^ cu ltu res infected w ith  
1
e ither phage T12 ot T12cp a re  shown in F ig u res  27 and 28. M aximum  
toxin leve ls w ere  detected  using the in v itro  toxin assay  12 hours 
following the peak tem p era te  phage t i te r ,  suggesting th a t ly sis  alone 
was not resp o n sib le  fo r its  appearance. P ropagation  of v iru len t 
T12cp^ re su lte d  in  m axim um  toxin leve ls m o re  c losely  corresponding 
to the m ajo r ly tic  event, but a 6 . 0 hour in te rv a l s till  existed.
A ttem pts to iso la te  toxin A from  cu ltu re  f i ltra te s  of T25^ 
(T12gl) em ployed affin ity  im m unoabsorption. The technique was 
based on the assum ption  that th is product was the only component 
of the lysogen f i ltra te s  not comm on to  the nonlysogen cu ltu res as w ell. 
W hereas e lec tro p h o re tic  analysis  supports th is  assum ption, the n a ­
tu re  of the sta in  u sed  on the  gels (am idoschw artz) was lim ited  to 
detection of p ro te in  m o ie tie s . The T25^ an tise ru m  employed as the 
fixed abso rban t w as f i r s t  chrom atographed on DEAE cellu lose (G52) 
to purify the gam m a globulin (F igure  29). Unlike the usual elution
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FIGURE 2 7 - KINETICS OF PHAGE TI2 AND TOXIN 
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p a tte rn s , which show 85 p e rcen t of the gam m a globulin eluting e a rly  
as a single la rg e  peak , two peaks of s im ila r  s iz e s  w ere  detected.
The p ro te in  concen tra tion  of each of the pooled sam ples following 
pe rv ap o ra tiv e  reduction  to 2 . 0 m l volum es w as dete rm ined  by 260/280  
absorbancy  to be 16,5 m g /m l and 18. 3 m g /m l, co rresponding  to 
frac tio n s  nos. 24 and 29. P rec ip ita tin g  antibody against T25^ cu ltu re  
f i l t r a te s  w as exclusive  to frac tion  no. 24. Single d irec tio n  im m unodif­
fusion in  Oudin tubes detected  no p rec ip itin s  in  sam ple no. 29. The 
active frac tio n  w as coupled to ce llu lose  f i l te r  p ads, which w ere  
u tilized  in M illipo re  housings to  abso rb  the T25g(T12gl) cu ltu re  f i l ­
t r a te s ,  as w ell as T 25j co n tro ls . It w as an tic ipa ted  tha t double im ­
m unodiffusion a s sa y s  using T25^(T12gl) hyperim m une an tise ru m  would 
ind icate  a line  of iden tity  w ith toxin A in the  abso rbed  lysogen f i l t ra te s , 
and no rea c tio n  w ith  the  absorbed  nonlysogen p rep a ra tio n . Antigen 
rem oval w as indeed affected  by the p ro ce d u re , but w as equally efficien t 
fo r a ll  an tigens in  each  sam ple. No re la tiv e  in c re a se  in  toxin concen­
tra tio n  could be ach ieved , even when the  im m unologically  active pap er 
pads w ere  incubated  in  various volum e s iz e s  fo r  18 h o u rs .
The effec ts  of lysogeny on production  of soluble products by 
K56 w as exam ined using  a s im ila r  approach  as th a t d escribed  fo r the  
T25g sy s tem  (Table 26). P o lyacry lam ide  gel e lec tro p h o res is  of K56 
K56(H4489A), and K56(2172) cu ltu re  f i l t r a te s ,  while indicating m ajo r 
d e c re a se s  in  concen tra tions of the p roducts w ith  R^'s of 0 .17  and 0. 42
TABLE 26
QUANTITATIVE REPRESENTATION OF STREPTOCOCCAL 
PRODUCTS SEPARATED BY POLYACRYLAMIDE 
ELECTROPHORESIS










0 .0 7 - - - 0. 87 0. 65 0 .9 3
0. 14 0. 36 0 . 01 0 . 01 0. 15 0 . 10 0 .26
0. 17 0 .73 0 . 02 0 .01 - - -
0 .2 0 0. 32 0 . 28 0 . 02 3 .70 2 .7 5 3 .3 4
0 .2 3 0 .4 4 0 .5 9 0 .7 4 0 .8 4 0 .8 2 0 .7 0
0 .2 8 2. 63 1. 50 2 . 11 - - -
0 .31 0. 70 0. 45 0. 53 0 .8 4 0 .7 0 0 .6 5
0 .3 4 T - - 0. 57 - -
0 .42 1.57 0. 30 0. 54 1 .2 0 0 .9 6 1. 13
0 .4 4 - - - 0. 33 0 .1 9 0 .2 0
0. 58 0 .0 2 0 . 02 0 . 02 - - -
O'
Am ounts w ere  d e te rm in ed  g eo m e trica lly  fro m  g raph ic  re p re se n ta tio n s  obtained  by gel scans 
u sing  a  G ilfo rd  l in e a r  tra n s p o r t .  E ach  value e x p re s s e s  the  am ount of the  ind iv idual band a s  a 
fa c to r  of th e  av erag e  band quantity  in  the  re sp e c tiv e  gel, i . e . , quantity  of band x_______
quantity  of a v erag e  band
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following lysogeny, revealed  no e x tra ce llu la r  com ponents unique to 
e ither the lysogens of the phage-free  s tra in . T hese findings w ere  
confirm ed by the absence of spur form ation  in  double im m unodiffusion 
(not shown). E lec tro p h o re tic  analysis of the broken ce ll e x tra c ts , 
how ever, ind icated  a  p ro te in  with an of 0. 34 to be unique to the 
nonlysogenic K56. This product was not ex cre ted , and perhaps 
rep re se n te d  an in tra c e llu la r  enzyme re p re s s e d  by infection of H4489A 
o r 2172.
At le a s t  th re e  of the ex trace llu la r  p roducts re p re se n te d  in  
Table 26 had no c o u n te rp a rts  re le ased  by ce ll d is in teg ra tion  (R^'s,
0. 17, 0. 28 and 0. 58). This observation  m ay w ell be accounted fo r by 
th e ir  b iosyn thesis at the ce ll m em brane during the p ro c e ss  of e x c re ­
tion. In the b roken  ce ll e x tra c ts , th e re fo re , they  would likely  be 
bound to the m em brane  and consequently sedim ented  w ith the  p a rticu la te  
frac tion .
T ransduction
The effects of lysogeny on K56 tran sduction  efficiency w as 
a sce rta in ed  by employing four genetic m a rk e rs  fo r antib io tic re s is ta n c e . 
The f i r s t  experim en t exam ined the capacities of K56, K56(H5589A) and 
K56(2172) to  ac t as rec ip ien ts  of genetic m a rk e rs  fro m  estab lished  9440 
donors (Table 27). While a ll  th ree  s tra in s  w ere  excellen t rec ip ien ts  
in  the genetic exchange, K56 invariab ly  d isplayed the su p e rio r ab ility .
TABLE 27
TRANSDUCTION OF ANTIBIOTIC RESISTANCE MARKERS FROM 
S. PYOGENES 9440 DONORS INTO RECIPIEN TS OF 
S. PYOGENES K56. K56(H4489A), AND K56(2172)
M ark er Donor R ecip ien t
N um ber of 
T ran sd u c tan ts
0  T ite r  
(P F U /m l)
T .F .
T ransduc tion
F req u en cy
% T. F . 
of K56 - 0
Str-IO 9440 
s t r  -10
K56 1 .4  X 10^
5 .7  X 10®
5 X 10 100 2
K56(H4489A) 8 .6  X 10^ 3. 1 X lO"^ 62 2
K56(2I72) 8 . 3 X 10^ -63 .0  X 10 60 2
R if^ 9440
K56 2 . 6  X 10^
9 X 10®
-65. 8 X 10 100 0
K56(H4489A) 2 .3  X 10^ -65. I X 10 88 0
K56(2172) 1 .5 x 1 0 ^ -63. 3 X  10 56 0
c R Spec 9440
Rspec
K56 8 .0  X  10^
6 .7  X  10®
-62 .4  X  10 100 0
K56(H4489A) 4 .0  X  10^ 1. 5 X  10"^ 63 0
K56(2172) 4. 2 X 10^ 1 .3  X  10"^ 54 0
O 'w
TABLE 27“-Continued
M ark er Donor R ecip ien t
N um ber of 
T r  ans ductan ts
Çf T ite r  
(P F U /m l)
T .F .
T ransduction
F req u en cy
% T. F . 
of K56 - 0
K56 1 .  2  X  1 0 ^
- 62. 7 X  10 1 0 0 0
9440
Rer^
K56(H4489A) 9 . 0  X  1 0 ^ 9 X  10® 2 .0  X  10"® 74 1
K56(2172) 6 .  6  X  1 0 ^




This is  ind icated  by d ifferences in tran sd u c tio n  frequencies (TF)
R Rranging fro m  12 p e rc en t (r i f  ) to 46 p e rc en t (spec ) betw een K56 and
its  lysogenic co u n te rp a rts . In addition, K56(H4489A) w as 3. 0 to 35. 0 
p e rc en t m o re  effic ien t than  K56(2172) as a rec ip ie n t in  th is  e x p e r i­
m en t. Lysogeny, th e re fo re , ap p ea rs  to e x e r t a  negative influence on 
the  rec ip ie n t capacity  of K56.
R ep o rts  of K56 being successfu lly  em ployed as a donor in 
tran sd u c tio n  a re  sc a rc e  (150), w hereas num erous fa ilu re s  have been 
desc rib ed . An a ttem pt w as m ade to  enhance the efficiency of K56 
as a donor of genetic in form ation  fo r tran sd u ctio n  by using the  K56 
lysogens containing app rop ria te  m a rk e rs  (Table 28). Of the four 
an tib io tics u tilized , only re s is ta n c e  to rifam pic in  could be tran sd u ced  
fro m  e ith e r K56 o r the lysogenic s tra in s , and w ith le s s  than 90 p e r ­
cent of the frequency  using  9440 donors. T ransduction  frequencies, 
how ever, followed a s im ila r  p a tte rn  as befo re , i. e. ,K56r i f ^  w as the 
m o st effic ient donor, followed by K56(H4489A)r i f ^  and fina lly  
K 56(2172)rif^. W hereas th ese  data  con firm  re p o r ts  th a t nonlysogenic 
K56 s tra in s  se rv e  as poor donors in tran sduction  w ith A25, one 
m a rk e r  (r i f ^ ) w as found tran sd u c ib le  fro m  K56 at frequencies g re a te r  
than any K56 donor p rev iously  rep o rte d .
It w as concluded from  th ese  experim en ts th a t, unlike M alke 's 
findings of in c re a se d  donor efficiency following lysogenization  of 
K56(130), the p re sen c e  of tem p era te  bacteriophage in te r fe r re d  w ith
TABLE 28
TRANSDUCTION OF ANTIBIOTIC RESISTANCE MARKERS FROM 
K56,K56(H4489A) AND K56(2172) INTO A SENSITIVE
K56 RECIPIEN T
M ark er Donor
N um ber of 




% T .F .  
of K56 - 0
K56 s t r ^ 2 4 .8  X  10® 0 - 1
s t r ^ K 56(H 4489A )str^ 0 5 .4  X  10® 0 - 0
K 56(2172)str^ 0 4. 5 X  10® - - 0
K56 r i f ^ 16 1 . 0  X  1 0*^ 3 .3  X 10"^ 1 0 0 0
K56(H 4489A)rif^ 15 1 .0  X  10^ 3 .3  X 10"^ 91 0
K 56(2172)rif^ 8 1. 3 X  10^ 1. 3 X  10"^ 40 0
K 56spec^ 3 6 . 0  X  1 0 ® 0 - 0
Rspec K56(H4489A)spec^ 0 4 .5  X  10® 0 - 0
K 56(2172)spec^ 0 6 .  0  X  1 0 ® 0 - 0
O '
O '
TABLE 2 8 - -C ontinued
M ark e r Donor
N um ber of 
T ran sd u c tan ts SS T ite r
T .F .
T ransduction
F req u en cy
% T. F . 
of K56 -sb
er^r^
K56 e ry ^ 0 3. 3 X  10® 0 - 0
K56(H4489A)ery^ 0 4 .8  X  10® 0 - 0
K56(2170)s £5T^ 0 9. 5 X  10® 0 - 0
9440 s t r ^ 6 .  1 X  1 0 ^ 5 .4  X  10® 1 .  1 X  1 0 " ^ - 0
O'-j
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the production  of transducing  p a r tic le s . Lysogeny a lso  im paired
rec ip ien t efficiency of a ll four m a rk e rs  by K56, supporting th is
portion  of M alke 's observations. In addition data  in  Table 28
1 “2ind icates that propagation of phage A25ts on an tib io tic  re s is ta n t  
K56, K56(H4489A) o r K56(2172) was g enera lly  unaffected  by the 
p re sen c e  of e ith e r tem p era te  bacteriophage.
CHAPTER V
DISCUSSION
M any of the b iological c h a ra c te r is t ic s  of phage T12 w ere  
s im ila r  to those  d escrib ed  fo r  phages 2172 and H4489A in the prev ious 
study (150). One s trik in g  d istinc tion  w as the appearance  of the 
plaques; those of T12 contained c la s s ic a l tu rb id  c e n te rs  w hile the 
rem ain ing  two tem p era te  phage plaques d isp layed  re s is ta n t  colonies 
random ly d is trib u ted  w ithin the  ly tic  zone. A second d istinc tion , the 
inab ility  of T12 to produce a K jem s effect, re fle c ted  probab le  d if fe r­
ences betw een the b a c te r ia l  in d ica to r s tra in s  as w ell as phage. Since 
the ha lo s a re  thought to  r e s u lt  fro m  degradation  of b a c te r ia l capsu les 
following ly tic  re le a s e  of in tra c e llu la r  hya lu ron idase , i t  is  conceivable 
that the absence of cap su la r m a te r ia l  fro m  T25^ p reven ted  th e ir  
fo rm ation  around T12 p laques. A bility  to p en e tra te  the  capsu le  
should th e re fo re  be a p ro p e rty  com m on to a ll phages capable of 
generating  K jem s e ffec ts , since  addition of exogenous hyalu ron idase  
to the a g a r , as req u ire d  fo r T12 infection of K56, p rev en ts  subsequent 
zone fo rm ation . The absence of hyaluronic  acid  capsu les fro m  T25^ 
w as ind icated  by its  sen s itiv ity  to  A25 ly s is  on m edia  lacking
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hyalu ron idase , w hereas K56 w as sen sitiv e  to  both A25 and T12 only 
in the p resen ce  of an exogenous sou rce  of the  cap su la r ly tic enzym e. 
The rep o rted  in c re a se  in  e x tra c e llu la r  hyalu ron idase  leve ls following 
infection by phages capable of p en e tra tin g  encapsu lated  cocci w as 
probably  accountable fo r the effic ien t A25 ly s is  of the two lysogenic 
K56 s tra in s .
The T12 phage s tra in  used  in th is  study w as iso la ted  from  
T25j(T12gl), a lysogen which produced  ery th rogen ic  toxin. This 
lysogen contained another phage, w hich w as p re se n t in T25^ as w ell. 
While th is phage developed p laques on a K56 b a c te r ia l lawn, p ro p ag a­
tion  on th is  o r  any o ther s tra in  em ployed in  th is  study was unsuccessfu l. 
S tra in  NY5 type 10 contained a phage w ith s im ila r  p ro p e rtie s  of non­
p ro life ra tio n , even following a ttem p ts to induce the v iru s  w ith 
u ltrav io le t light o r  m itom ycin  C.
The notable stab ility  of phage T12 in  the p re sen c e  of u l t r a ­
cen trifugal fo rce s  fu r th e r  d istingu ished  th is  phage fro m  H4489A and 
2172. V irtually  a ll  of the T12 in fec tiv ity  surv ived  the 90 m inute 
concentra ting  p ro ce d u re , w hereas the  o th er two phages m ain tained  
le s s  than  75 p e rc en t of the in itia l v iab ility . The phages w ere  som e­
w hat unstab le  in  a ll d iluents te s te d  except TH and P P  bro th . The 
m edium  subsequently  chosen fo r s to rag e  of a ll  th re e  phages w as P P  
b ro th , since, unlike TH bro th , i t  read ily  supported  v ira l  p ro p ag a­
tion . This propagation  req u ire d  6 h o u rs  a t 37 C fo r T12, two ho u rs
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longer than  the du ra tion  needed fo r production of m axim um  H4489A 
and 2172 concen tra tions.
C oncurren t phage developm ent of H4489A and T12 within the 
sam e c e ll revea led  the T 12 to dom inate the rep lica tiv e  m ach inery , 
inhibiting the developm ent of v irtu a lly  a ll the coinfecting v iru s .
Phages H4489A and 2172, on the o ther hand, w ere  rem ark ab ly  com ­
patib le  in  the sam e ce ll. As a g en era l ru le , the degree of s im ila r ity  
among phages is  re f le c ted  by th e ir  capacity  fo r m utual coex istance, 
indicating the 2172 and H4489A to be m o re  c lose ly  re la te d  to one 
another than  to  phage T 12.
A ll th re e  phages w ere  found to d iffer im m unologically, as 
d e te rm ined  by the inab ility  of phage specific a n tise ra  to n eu tra lize  
the in fec tiv ity  of hetero logous v iru se s . Since neu tra liz ing  antibody 
is  believed to a ffect phage adso rp tion  s ite s , these  findings m ay w ell 
im ply d ifferences in  adso rp tion  sp ec ific itie s . T his, in tu rn , would 
indicate tha t com petition  fo r  b a c te r ia l  rec ep to r s ite s  w as not a 
fac to r in  coinfection exclusion of H4489A by T12.
S trik ing  s im ila r it ie s  among th ese  tem p era te  phages w ere  
a lso  d iscovered . P e rh ap s  the m ost in trigu ing  was the iden tica l 
e lec tro p h o re tic  m o b ilitie s  of a ll th re e  v iru se s . This finding, how­
ever, m ay  be due to  som e sm a lle r  s tru c tu ra l constituent comm on to 
a ll th ree  phages, the in tac t v irion  possib ly  being too la rg e  to m ig ra te  
in  the g e ls . N ontheless, th is  is  the only constituent of the p rep a ra tio n s
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re la ted  to bacteriophage, since it alone w as the only component absent 
from  the p h ag e-free  b a c te r ia l cu ltu res . The apparen t absence of 
phage from  the e lec tro p h o re tic  p a tte rn s  of the lysogens possib ly  
m eans the ra te  of spontaneous ly s is  w as too low to produce quantities 
adequate fo r detection . T his could a lso  be tru e  fo r a ph ag e-re la ted  
p roduct, since in tra c e llu la r  phage developm ent following spontaneous 
induction would occu r a t very  low frequencies com pared  to th a t of a 
cu ltu re  being propagated . This in c re a se  in v irion  production and 
num ber of ly tic  events (ca. 99 . 999 p e rcen t m ore) could account for 
the syn thesis and re le a s e  of p h ag e-re la ted  p roducts not found in 
e ith e r the  cu ltu re  f i l t r a te s  or broken ce ll e x tra c ts  of lysogenic s tre p to ­
cocci. It seem s like ly , how ever, that not ju st one, but se v e ra l add i­
tional bands would have been detected  following a g en era l in c re a se  in 
the level of p h a g e -re la te d  p roducts . It is  p robab le , th e re fo re , that 
th is  single unique band re p re se n te d  the actual v iru s .
The th re e  tem p era te  bacteriophages appeared  to  be uniform ly  
sen sitiv e  to ch lo ro fo rm  inactivation . Although the  na tu re  of th is  effect 
w asn 't c le a rly  defined, it  w as perhaps a function of the  so lven t's  effect 
on the b ro th  ra th e r  than  the  phage itse lf . P re tre a tm e n t of P P  broth  
w ith ch loroform  re su lte d  in  the loss of 82 p e rcen t of i ts  phage m ain ­
tenance capacity . E ith er ch lo ro fo rm  w as s t i l l  p re se n t, o r th is  
re flec ted  the d estru c tio n  of a substance e sse n tia l to sustain ing  the 
long te rm  v iab ility  of the v iru s . B acteriophage re s is ta n c e  to  Tween 80,
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which would have probably destroyed  m ost lip id  compounds due to its  
d e te rgen t action , ind icates that ch lo ro fo rm  inactivation likely  involved 
a non-lip id  m oiety .
It w as also  apparen t th a t re s is ta n c e  to ch loroform  w as not 
tra n sm itte d  genetically , since the progeny of the re s id u a l active 
phages w ere  equally suscep tib le  to the effects of th is  solvent as w ere  
the o rig in a l sensitive  p a ren ta l v iru se s . N or was so lvent sa tu ra tio n  
a p lausib le  explanation for the p e rs is ta n c e  of res id u a l in fectiv ity , as 
the addition of f re s h  ch loroform  had no fu r th e r  effect on the phage 
t i te r .
S im ila ritie s  in phage developm ent w ere  indicated  by one 
step  grow th experim en ts. As w ith m ost tem p era te  group A s tre p to ­
coccal bacteriophages, b u rs t s izes  w ere  abnorm ally  low (ca. 30 P F U / 
in fected  coccus) and m in im al la ten t p e rio d s quite long (ca. 60 m in). 
Sonification of b a c te ria l chains e lim inated  the secondary  b u rs t  usually  
d esc rib ed  fo r strep to co cca l phages by effectuating random  d istribu tion  
of a ll  cocci following dilution, th ereb y  preventing  im m ediate  re in fe c ­
tion  of ad jacen t ce lls in a chain.
D uring the p ro ce ss  of phage developm ent, one unique c h a ra c ­
te r is t ic  w as d iscovered , i. e . , tra n sc rip tio n  from  the phage genome 
was poss ib ly  independent of the b a c te r ia l RNA po lym erase . The 
inhibition by rifam pic in  of phages 2172 and H4489A in ce lls  p o ssess in g  
a rifam p ic in  re s is ta n t  po lym erase  pe rhaps indicated that the  phage m ay
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u tilize  a d is tin c t, rifam p ic in  sensitive  enzym e, which m ay be con­
tained  w ithin the v irio n  its e lf . A lterna tive ly , the an tib io tic  m ight 
have been inhibiting som e o ther phage specific  function, such as 
adsorp tion  to  the c e ll su rfa ce .
Induction of the  T12 lysogens by both u ltra v io le t light and 
m itom ycin  C p a ra lle le d  the p rev ious m ethods of inducing H4489A 
and 2172, in  addition to  the w ell studied lysogenic E sc h e rich ia  coli 
and Salm onella typh im urium  s tra in s . Since se m i-te m p e ra te  b a c te r io ­
phages a re  non-inducib le , i t  follows th a t H4489A, 2172, and T12 w ere  
tem p era te  v iru se s . V erifica tion  w as p rovided  by the absolu te  stab ility  
of the phage-host com plexes in phage specific  a n tise ra . P seudo ly so - 
genic cu ltu res  would have, on the o ther hand, contained a sign ifican t 
pe rcen tage  of p h a g e -free  c e lls , which would have subsequently  been 
iso la ted  as "cu red "  colon ies in conditions p reven ting  re in fec tion . 
Sonification of b a c te r ia l  chains was n e c e ssa ry  to  locate  th ese  phage- 
f re e  cocci, since  one p h a g e -c a r r ie r  in a chain would have ind icated  
the  e n tire  colony form ing  un it to be a p ro d u ce r of v iru s . The te m p e r ­
a te  na tu re  of phages H4489A and 2172 had been p rev io u sly  in doubt, 
since  both produced p laques c h a ra c te r iz e d  by random  d is trib u tio n  of 
phage re s is ta n t  co lon ies in  the zone of ly s is , ra th e r  than  the tu rb id  
cen te r w hich d istingu ished  the plaques of c la s s ic a l tem p era te  phages.
The p h ag e-h o st com plex, T25^(T12gl), w as shown to be 
antigenic a lly  a lte re d  fro m  the p a re n ta l nonlysogen. T his observation
175
was unprecedented , since the  adsorp tion  of phage to b a c te ria  was not 
affected by lysogenization  of T25^ by the v iru s . E very  known co n v er­
sion sy s tem  involving a lte re d  b a c te r ia l su rface  d e te rm in an ts  has been 
accom panied by the  lo ss  of hom ologous phage adso rp tion  by the lysogen. 
Such conversions p rovide a sa feguard , additional to th a t of cytoplasm ic 
im m unity, th a t p rev en t ly s is  by super infecting v iru len t m utan ts of 
the hom ologous v iru s . The se lec tiv e  advantage would obviously favor 
the su rv iv a l of both the lysogenic ce ll and the phage m ain tained  within. 
C onversion of the  im m une lysogen to a  non-adsorb ing  fo rm  would also 
in c re a se  the efficiency of phage m ultip lication  by p reventing  w astefu l 
abortive  in fec tions.
The advantage of the  T12 antigenic converting  sy stem , in  the 
absence of superin fection  exclusion at the leve l of phage adsorp tion , 
rem ain s an  enigm a. The phenom enon perhaps p rov ides a lim ited  
fo rm  of antigenic d rif t, enabling the lysogen to b e tte r  escarpe the 
im m unological defenses of the infected h o st an im al.
The n a tu re  of the a lte re d  antigen w as o b scu red  by two lines 
of conflicting evidence. F i r s t ,  im m unoabsorption  of a n tise ra , and 
titra tio n  of the re s id u a l agglutin ins w ith hetero logous and homologous 
in d ica to rs  suggested  each s tra in  to p o ssess  qua lita tive ly  d ifferen t 
su rface  d e te rm in an ts , pe rh ap s reflec ting  the conversion  of a p re c u rso r  
antigen on T25^. Support fo r th ese  observations w as prov ided  by spur 
fo rm ation  betw een T25^ and T25^(T12gl) soluble antigen  p rep a ra tio n s
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used in double im m unodiffusion stud ies . F u r th e rm o re , agglutination 
of T25^ in group A specific  an tise ru m  w as 32 tim e s  g re a te r  than  tha t 
of the lysogen in  the sam e se ru m . Since th is  grouping se ru m  p r e ­
sum ptively  contained only one specific ity  of antibody, the group A 
carbohydrate  of the nonlysogen w as evidently  affected by phage 
infection. Q uantitative double diffusion which w as m uch le s s  se n s i­
tiv e , indicated  th is  effect to exceed a fa c to r  of four.
A ttem pts to elucidate  the spec ific ity  of the  re c ip ro c a l 
antigen, how ever, d isc lo sed  tha t agglutination of the two s tra in s  in 
group A -v a ria n t specific  an tise ru m  re su lte d  in  s im ila r  d ifferences 
in  antibody t i t e r s  as those seen  in the group A serum ; i. e . , a 16-fold 
d e c re a se  following T12 lysogenization. P a ra l le l  evidence w as again 
p rovided  by quantitative double diffusion, which detected  a four fold 
d e c re a se  in  group A -v a rian t specific  carbohydrate  following lysogeny. 
T hese re s u lts  suggested  tha t a  possib le  g en era lized  reduction  in 
syn thesis  of the  group po lysaccharide  w as a sso c ia ted  w ith T 12 in fec ­
tion , but quantitive p rec ip itin  a ssay s  rev ea led  a to ta l d e c rea se  of only 
31 p e rc en t. This value was subsequently  supported  by an a ssa y  of 
to ta l carbohydrate  in  the  ce ll w alls of the two s tra in s ; 1. e .,  31 p e r ­
cen t m o re  carbohydrate  in the T25^ sam ple  than  T25^(T12gl).
If the p r im a ry  effect of th is phage conversion  sy stem  involved 
a lte re d  p o ly sacch arid es , the quantitative re su lts  ind icate  the  c o n v er­
sion  to  be re la tiv e ly  insign ifican t. The group A carbohydrate  w as not
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likely  a lte re d  to a new antigenic specificity , since the d isappearance 
of the o rig ina l po ly saccharide  w as accounted fo r by a s im ila r  lo ss  in 
to ta l carbohydrate . C o n trary  to the in itia l ind ications, th e re fo re , 
any p re c u rso r  antigen on T25^ a lte red  by T12 infection was probably  
not group specific  carbohydrate .
The evidence elim inating  the ro le  of p ro te in  o r  lipid - in 
determ ining  the antigenic specific ity  was obtained u tiliz ing  a technique 
tha t depended on agglutination as the final index. Since n early  a ll 
indications of qualita tive  antigenic d ifferences betw een the lysogen 
and nonlysogen w ere  obtained from  agglutination experim en ts , p e r ­
haps th ese  re su lts  should be re -ev a lu a ted , employing an a lte rn a tiv e  
m ethod fo r de term in ing  the  chem ical na tu re  of the a lte re d  antigen.
One a lte rn a tiv e  m ay  be affin ity  chrom atography using  nonlysogen 
anti se rum  coupled to the  solid  phase to  iso la te  the unique determ inan t 
from  soluble T25g(T12gl) antigenic p rep a ra tio n s . An iso la ted  com ­
pound would be ra th e r  easy  to chem ically  qualify. D espite the  natu re  
of the antigen involved, how ever, the sp u rs  of non-iden tity  in  double 
im m unodiffusion using  antigens ex trac ted  from  T25^ and T25^(T12gl) 
provide so lid  ind ications of qualitative antigenic m odification.
One p o ss ib le  explanation fo r the apparen t conversion  of 
som atic an tigens following phage infection w as that the v iru se s  p ro ­
vided a se lec tive  p re s s u re  leading to the p ro life ra tio n  of a ce ll popula­
tion  re s is ta n t  to phage adsorp tion . This p o ssib ility  w as unlikely  in
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this sy stem , since the population containing the  a lte re d  dete rm inan t 
was equally  suscep tib le  to phage adso rp tion  as w as the nonlysogenic 
cu ltu re . F u rth e rm o re , addition of phage T12 to  the re s id u a l 
agglutinins following hetero logous im m unoabsorption  fa iled  to d e ­
c re a se  agglu tination  of the lysogen in  th is  serum ,, providing evidence 
tha t any antigenic changes w ere  not the  re s u lt  of the attachm ent of 
v ira l  capsid s to  phage rec ep to r s ite s .
A ntigenic conversion  of T25g w as m ed iated  by one of the 
phages a lso  responsib le  fo r  phage conversion  of th is  ce ll line to the  
toxinogenic s ta te . M ajor d ifferences in  toxin  production  by the 
lysogen and nonlysogen w ere  detected  physio log ically  (skin test) 
and se ro lo g ica lly  (in  v itro  double im m unodiffusion toxin  assay ). Disc 
gel e le c tro p h o re s is  revea led  th is  d ifference  to  be 7. 8 fold in  cu ltu re  
f i l t r a te s ,  and only 2. 2 fold in  the  broken c e ll e x tra c ts . N eu tra liz a ­
tion  of e ry th em a using  a n tise ru m  against T25^(T12gl) cu ltu re  f i ltra te s  
ind icated  the  toxic p rin c ip le  in the d is in teg ra ted  ce ll p rep a ra tio n s  of 
both the lysogen and nonlysogen, a s  w ell as p u rified  toxin A, w ere  
a ll an tigen ically  s im ila r  to a substance found in the cu ltu re  f i ltra te s  
of the toxinogenic lysogen, and m issin g  fro m  s im ila r  p rep a ra tio n s  
ot T25g. This " in tra c e llu la r"  toxin, how ever, w hile possessing  
e ry th rogen ic  ac tiv ity , w as undetectable by the  in  v itro  a ssay , 
suggesting an im m unological specific ity  d is tin c t from  its  e x tra c e llu la r  
toxic co u n te rp art. M ore likely , th is  d sc rep an cy  probably  re flec ted
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the su p e rio r sen sitiv ity  of the skin te s t  a ssa y  over the in v itro  tech - 
nique. It is  im portan t to re a liz e , how ever, tha t the re lia b ility  of 
the physio log ical p a ra m e te rs  in  the skin  te s t  is  s t i ll  debatab le, due 
to  individual v a ria tio n s  among an im a ls . The la rg e  num ber of rab b its  
req u ire d  fo r a s ta tis tic a lly  dependable de te rm ina tion  w as econom ically  
p roh ib ited  in  th is  re s e a rc h .
L ytic  re le a s e  of p re fo rm ed  toxin  m ay explain som e of th ese  
o b se rv a tio n s. F o r exam ple, the p re se n c e  of an e ry th rogen ic  sub­
stance  in both T25^ and T25^(T12gl) tha t was neu tra lized  by an tise ru m  
aga in st T25^(T12gl) cu ltu re  f i l t r a te s  suggests tha t p re fo rm ed  toxin 
A ex isted  in  both ce ll types but w as re le a se d  only by the lysogenic 
s tra in . A dditional evidence, how ever, re q u ire s  a m ore  com plicated  
explanation fo r th e se  ob serv a tio n s. L y sis  of T25g by v iru len t phage 
A25 fa iled  to p roduce detectab le  am ounts of toxin in  the ly sa te s , 
w h ereas s im ila r  infection  w ith a v iru le n t m utan t of phage T12 p ro ­
duced a cu ltu re  f i l t r a te  containing e levated  toxin concen tra tions.
Phage T12cp^, th e re fo re , m odified  the  c e l l 's  physio log ical capacity  
fo r e x tra c e llu la r  toxin production . In addition, kinetic stud ies 
rev ea led  tha t the appearance  of m axim um  toxin concentra tions 
o c c u rre d  6 . 0 hou rs a f te r  the m a jo r  ly tic  event by phage T 1 2 c p \  
E lec tro p h o re tic  ana ly ses  of f i l t r a te s  and broken c e ll ex trac ts  
ind icate  the p re se n c e  of a m olecu le  w ith  an s im ila r  to  tox in  in 
both p re p a ra tio n s  of the  nonlysogen. The lysogen w as shown to
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ex cre te  7. 2 tim e s  the  am ount of th is  compound than  did the phage- 
free  s tra in , w hile the d ifferences in  in tra c e llu la r  toxin concen tra tions 
between the two s tra in s  w as only 2. 2. The additional evidence that 
the in v itro  toxin  a ssa y  de tec ted  toxin in  n o rm al, unconcen tra ted  
f i l tra te s  of T25g(T12gl) but not in broken c e ll e x tra c ts  of the sam e 
o rgan ism , im p lica ted  the ex istence  of a phage a sso c ia ted  m echan ism  
of concentrating  the  tox in  e x tra ce llu la rly . F ina lly , double im m unodif­
fusion showed th a t the nonlysogen produced an e x tra c e llu la r  p roduct 
im m unologically  d is tin c t fro m  any substance in  the  T25^(T12gl) 
f i l tra te . T h is m ay  w ell re f le c t an ex trace llu la r, nontoxic co u n te rp art 
of toxin A, co rrespond ing  to  the  m a te r ia l  w ith the  of 3. 8. This 
substance w as pe rh ap s a lso  responsib le  fo r  the pyrogenic ac tiv ity  
found in the T25^ f i l t ra te s .
At le a s t  one p o ss ib le  m echan ism  underly ing  toxin  production  
is  suggested  by th ese  ob serv a tio n s. Toxin A m ay  e x is t in  a p re fo rm ed  
sta te  in  both the  lysogen and tiie p h ag e -free  s tra in s . T h is toxic sub ­
stance is  the  p re c u rs o r  of a nontoxic e x tra c e llu la r  p roduct, resu ltin g  
fro m  m odification  of the  toxin during excre tion , a  p ro c e ss  leading to 
lo ss  of both e ry th rogen ic  tox ic ity  and the  o rig in a l antigenic specific ity . 
The ch em ical a lte ra tio n  of the  in tra c e llu la r  p re c u rs o r  m ay function to  
fac ilita te  regu la tion  of i ts  own excretion . The im m unologically  d is tin c t 
e x tra c e llu la r  p roduct, how ever, s t i l l  m ain ta in s i ts  o rig in a l pyrogenic 
activ ity . Infection by phage T12, w hether resu ltin g  in  ly s is  o r
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lysogeny, m ay a lte r  the reg u la to ry  con tro ls  of the excretion  p ro ce ss , 
so that the ce ll p roduces ex cessiv e  ex tra ce llu la r  am ounts of the 
m a te r ia l. In the p ro c e ss  of deregulation , the su b s tra te  is no longer 
chem ically  m odified when ex cre ted , so th a t e levated leve ls of exotoxin 
A a re  e labo rated .
This p ro p o sa l a lso  suggests a possib le  re la tionsh ip  betw een 
the two T12 m ediated  conversion  sy stem s of T25^. It is  conceivable 
that a  toxin pum p, loca ted  a t  the c e ll  su rface , m ay p o ssess  c h a ra c ­
te r is t ic s  of a som atic  antigen . A ltera tion  of th is  c e llu la r  component 
by T12 infection could affect both i ts  antigenic specific ity  and its  
tra n s p o rt functions. The p o ss ib ility  that the som atic antigen and 
ery th rogen ic  toxin w ere  the  sam e m olecule is rem o te , since toxin A 
is  com posed of p ro te in  and hyaluron ic  acid . Not only did e x p e ri­
m ents con tra ind ica te  p ro te in  involvem ent in  the  antigenic determ inan t, 
the ineffectiveness of hya lu ron idase  to a lte r  the specific ity  of the 
som atic antigen red u ces  the  p o ss ib ility  of i t  p o ssessin g  a hyaluronic 
acid  m oiety.
A schem atic  re p re se n ta tio n  fo r toxin production in  p h ag e-free  
and lysogenic b a c te r ia  is  showh in  figu re  30. Although th is  m odel 
accounts fo r the availab le  evidence, it  does not p rec lude  the p o ss ib ility  
of o ther explanations. •
S evera l c h a ra c te r is t ic s  of the phage conversion  system s d e s ­























FIGURE 30--S ch em atic  re p re se n ta tio n  of toxin  production  in phage f re e  and lysogenic  b a c te r ia .
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m odels of Salm onella  and C orynebacterium . F o r exam ple, the a lte re d  
p ro p e rtie s  o ccu rred  only following infection w ith c e rta in  bacteriophages, 
and lysogeny in  g en era l, as  w ith phage H4489A, w as not capable of 
effecting the  conversion . The s tab ility  of the phage assoc ia tion  w ith 
the new t r a i t s  w as v e rif ied  by relysogen iza tion .o f .^'cured" lysogens 
by the sam e phage. T h is event w as accom panied by the reap p ea ran ce  
of the lo s t c h a ra c te r is t ic . W hereas infection by nonhomo logons, 
v iru len t bacteriophages led  to no phage-conversion , v iru len t m utan ts 
of the converting v iru se s  w ere  a ll  capable of producing phenotypes 
s im ila r  to  the lysogen. In teg ra tion  of the  phage genome into the 
b a c te r ia l chrom osom e w as th e re fo re  not n e ce ssa ry  fo r  ex p ress io n  of 
the  t r a i t .
In addition to  th ese  s im ila r it ie s , se v e ra l d iffe rences ex isted  
betw een the  s trep to co cca l sy s tem s and the  c la ss ic a l phage conversion  
m odels. F o r  exam ple, e x tra c e llu la r  d iph theria  toxin w as re le a se d  
before  ly s is  by v iru le n t phage be ta , w hereas ery th rogen ic  toxin  w as 
f i r s t  de tected  6. 0 h o u rs  a fte r  the  ly s is  of T25g by T12cp^. F u r th e r ­
m o re , w hile only one antigenic type of d iph theria  exotoxin w as p ro ­
duced by se v e ra l species of C orynebacterium  lysogenized by prophage 
beta, th re e  im m unological sp ec ific itie s  have been d e sc rib e d  fo r 
ery th rogen ic  toxin  p roduced  by lysogenic s trep tococc i. F ina lly , a t 
le a s t  one in v es tig a to r rep o rte d  a com ponent in  pu rified  phage beta  
p rep a ra tio n s  w ith an iden tica l e lec tro p h o re tic  m obility  as fragm en t
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B of d iph theria  toxin  (182), im p lica ting  the  tox in  to have a p o ss ib le  
s tru c tu ra l  function in  phage developm ent. No compounds in  the 
p u rif ied  phage T12 p re p a ra tio n s , how ever, had values s im ila r  to  
tox in  A.
The advantage of phage conversion  to  the bacteriophage is  
a  m uch d iscu ssed  th e o re tic a l question . In g en e ra l, those fa c to rs  
w hich b e tte r  enable the  h o s t b a c te riu m  to su rv ive  a re  of subsequent 
su rv iv a l value to  the  v iru s  w ithin . On the b a s is  of c u rre n t in fo rm a ­
tio n  availab le  concerning ery th ro g en ic  toxin, i ts  production seem s 
to  im p a r t  l i t t le  o r  no se lec tiv e  advantage to  the bac terium . If th is  
p roduct is  u n re la ted  to  n o rm a l phage functions of ly s is  o r lysogeny, 
i ts  ro le  becom es even m o re  o b scu re .
T ransduction  of an tib io tic  re s is ta n c e  m a rk e rs  using  K56 
lysogens and nonlysogens, w hile  producing re s u l ts  s im ila r  to  p r e ­
vious re p o r ts , in troduced  som e o rig in a l find ings, a s  w ell. L ysogeny 
w as found to  im p a ir  rec ip ie n t effic iency , confirm ing s im ila r  re s u l ts  
by M alke. On the  o ther hand, he  suggests  th a t fo r  transducing  
p a r t ic le s  to a r is e ,  the  donor s tr a in s  m u st c a r r y  prophages v h ic h  
m ay  a c t by subduing the  v iru le n ce  of A25 in  fav o r of p ro c e sse s  le a d ­
ing to  the fo rm ation  of tran sd u c in g  p a r t ic le s . T his study, how ever, 
d isc lo sed  a negative c o rre la tio n  betw een lysogeny and donor ab ility . 
Since the  rep o rte d  incom patib ility  in  p ropagation  of A25 caused  by
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prophage P5004 w as not observed  in H4489A and 2172 lysogens, 
th is m ay account for the  d ifferences in these  two re p o r ts .
The po ten tia l phage conversion  of s tra in  K56 involving the 
lo ss  of an in tra c e llu la r  constituen t following lysogeny by phages 
H4489A o r 2172 w ill su re ly  be the subject of fu tu re  investiga tions.
T em p era te  bacteriophages of S. pyogenes a re  of p a r tic u la r  
in te re s t  since, in addition  to  any in form ation  th e ir  study m ay add 
to the g en era l fie ld  of bacteriophage re s e a rc h , they have a poten tially  
sign ifican t ro le  in the pathogenesis of th e ir  m ed ica lly  im portan t host.
CHAPTER VI
SUMMARY
The re la tio n sh ip  between tem p era te  bacteriophages of 
group A s trep tococc i and the host b a c te r ia  w ere  exam ined along 
w ith c e r ta in  b io log ical p ro p e rtie s  of the v iru se s  them se lves. Two 
of the phages (2172 and H4489A) w ere  iso la ted  fro m  nephritogenic 
s tra in s  of S trep tococcus pyogenes, w hereas the th ird  (T12) was 
obtained fro m  a  toxinogenic lysogen capable of producing the ra s h  
of s c a r le t  fev e r. The correspond ing  nonlysogen, as w ell as an 
additional s c a r la tin a l s tra in , w ere  found to contain plaque form ing 
un its th a t could not be cu ltu red .
A ll th re e  phages w ere  found to be s im ila r  to o ther te m p e r­
a te  s trep to co cca l v iru se s  described  in p rev ious stud ies . Both phages 
of nephritogenic  s trep to co cc i produced plaques c h a ra c te r iz e d  by 
the K jem s effect, but p ossessing  an additional halo than  indicated  
by p rev ious d e sc rip tio n s . The sc a r la tin a l phage p laques, while 
lacking the  c h a ra c te r is tic  ha los , d isp layed  the tu rb id  cen ter com ­
m on to  the  w ell studied tem p era te  phages lam bda and P22. Only
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the phages capable of penetrating  the b a c te r ia l capsule developed 
the Kjems effect.
C oncentrated  and pu rified  phage p rep a ra tio n s w ere  obtained 
by u ltracen trifuga tion , although subsequent lo sse s  of infectiv ity  w ere  
common. Phage T12 p o ssesse d  the g re a te s t s tab ility  in the  p resen ce  
of u ltracen trifu g a l fo rc e s , but w as equally sensitive  to the de le te rious 
effects of ch loroform  as w ere  H4489A and 2172. The m echan ism  of 
inactivation  by th is  solvent appeared  to be the reduction  of the b ro th 's  
ab ility  to support phage v iab ility .
In tra c e llu la r  developm ent of th ese  v iru se s  w as com parable 
to  m ost tem p era te  s trep to co cca l bacteriophages, i. e. extended la ten t 
periods (45-60 min) and sm a ll b u rs t  s izes  (27-33 P F U /in fec ted  
coccus). How ever, tra n sc rip tio n  of mRNA from  v ira l  genom es m ay 
have o ccu rred  independently of b a c te r ia l RNA p o ly m erase , since 
phage developm ent w as inhibited  by rifa inp ic in  in s tra in s  whose 
po lym erase  was re s is ta n t  to th is  an tib io tic . P ropagation  of phage 
H4489A w as also  inhibited by the p resen c e  of coinfecting T12, p ro ­
bably the re s u lt  of v ira l  in te rfe re n ce  by d is s im ila r  phages. On 
the other hand, no dom inance re la tio n sh ip  was observed  fo r co in fect­
ing H4489A and 2172 s tra in s . Although a ll th ree  phages appeared  
to p o ssess  iden tical e lec tro p h o re tic  m ob ilitie s, they  w ere  com ­
p lete ly  distinguishable by im m unological neu tra lization .
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The re la tionsh ip  between each bacteriophage and the 
resp ec tiv e  b a c te r ia l  s tra in  w as determ ined  to be tru ly  lysogenic.
The random  d is tribu tion  of phage re s is ta n t colonies w ithin the 
H4489A and 2172 plaques had p rev iously  indicated  a possib le  
pseudolysogenic b a c te r ia l  com plex followed infection by th ese  two 
s tra in s .
T h ree  lysogenic conversion  system s w ere  exam ined, two 
of which w ere  d iscovered  in th is investigation. R ec ip ro ca l quan tita ­
tive  im m unoabsorption  revea led  that infection of T25^ w ith phage 
T12 re su lte d  in  a lysogenic com plex with (a) som atic  antigen(s) 
not sh a red  by the uninfected s tra in , which in  tu rn  appeared  to 
p o sse ss  a possib le  p re c u rs o r  de term inan t. Spur fo rm ation  in 
double im m unodiffusion experim en ts supported  th ese  ind ications. 
C hem ical c h a rac te riza tio n  of the  m odified antigen e lim inated  p r o ­
te in  o r  lip id  m o ie ties  as being e sse n tia l to im m unological specificity . 
A 32 fold d ifference  in  agglutination of the lysogen and nonlysogen 
in group A specific  anti se ru m  ind icated  the involvem ent of group 
carbohydrate  in phage conversion . In addition, lo ss  of group A 
specific ity  following lysogeny w as revealed  by quantitative double 
im m unodiffusion a ssa y s  using the  group A specific  a n tise ru m  and 
so lubilized  antigen p re p a ra tio n s . R esu lts using group A -v arian t 
a n tise ru m  in s im ila r  experim en ts indicated a d e c rea se  in th is  
antigen , a s  w ell. F ina lly , i t  w as d iscovered  that a 31 p e rc en t
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reduction  in to ta l carbohydrate  w as a sso c ia ted  w ith lysogeny by 
phage T12. The specific ity  of the re c ip ro c a l an tigen  on T25^
(T12gl) rem ain ed  undeterm ined . No reduc tion  in  the uptake of 
hom ologous phage accom panied conversion  of the  su rface  d e te rm in an ts .
The phage m ediated  conversion  of nontoxinogenic s tre p to ­
cocci to the sc a r la tin a l s ta te  w as fu r th e r  e lucidated  in  th is  study, 
u tiliz ing  the sam e phage-host com plex involved in the som atic 
antigen conversion . The s tandard  skin te s t  m ethod of toxin detection  
w as supplem ented  by an in v itro  toxin  a ssa y  using  double im m uno­
diffusion w ith p u rified  e ry th rogen ic  toxin type A as a known standard . 
P o lyacry lam ide  gel e le c tro p h o re s is  rev ea led  substances s im ila r  to 
toxin (R^ 0. 38) in  broken ce ll e x tra c ts  and cu ltu re  f i l t r a te s  of both 
the lysogen and nonlysogen. How ever, the cu ltu re  f i lt ra te s  of 
only the lysogenic T25g(T12gl) p o sse s se d  ery th rogen ic  activ ity , 
which w as, in  tu rn , de tected  in broken  ce ll e x tra c ts  of both s tra in s . 
T hese d is in te g ra te d  ce ll p re p a ra tio n s , how ever, w ere  devoid of 
toxin A de tec tab le  by the  in  v itro  toxin a ssa y , p robably  reflecting  
the g re a te r  sen sitiv ity  of the skin te s t .  The ery th rogen ic  activ ity  
of both T25g and T25g(T12gl) was n eu tra lized  by an ti se ru m  p rep a red  
against cu ltu re  f i l t r a te s  of the lysogen, but not by s im ila r  T25g 
a n tise ru m . S trep tococca l pyrogenic exotoxin w as rep o rtab ly  p r o ­
duced by th is  nonlysogen. The toxin sh a red  no com m on e le c tro ­
phoretic  m o b ilitie s  w ith any com ponents of a w ashed T12 phage
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p rep ara tio n . A hypothetical m odel to explain th ese  collective  
re su lts  w as p re sen te d . In tra c e llu la r  toxin is  perhaps p re se n t in 
both T25g and T25^(T12gl), but a lte re d  to an im m unologically 
d is tin c t, non-ery them atous fo rm  when ex c re ted  by the nonlysogen. 
E xcre tion  by the  lysogen, on the o ther hand, o ccu rs w ith  no con­
com itant m odification  of the  toxin.
W ith both phage conversion  sy s te m s, the v ira l  m ediated  
changes o c cu rred  using  the  T25^ s tra in  a rtif ic a lly  lysogenized w ith 
phage T12, but w as not apparen t when phage H4489A w as substitu ted  
fo r T12. Toxin A w as e labo ra ted  following infection  of T25^ by a 
v iru len t m utant of phage T12, but not by v iru le n t phage A25 infection.
No d e tec tab le  conversion  of K56 som atic  antigens or 
e x tra c e llu la r  p roducts o c cu rred  following lysogeny by phages H4489A 
o r  2172. H ow ever, the lo ss  of an in tra c e llu la r  constituen t following 
infection  by th ese  two phages w as d isco v ered  using  d isc  gel e le c tro ­
p h o re s is  of broken  c e ll  e x tra c ts . T ransduction  of four antibiotic 
m a rk e rs  of K56 and correspond ing  lysogens rev ea led  lysogeny to 
e x e r t a negative effect on both donor and rec ip ie n t e ffic iencies.
The p re sen c e  of prophage w as not found to in te rfe re  w ith A25 
propagation  on th e se  s tra in s .
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